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Fall Meeting of the 
American Welding Society 


The Fall Meeting of the AMERICAN 
Society will be held in Buffalo 
during the week of October 3rd in con- 
nection with the Metal Congress. 

Other societies meeting at the same time 
are American Society for Steel Treating; 
Iron and Steel and Institute of Metals 
Divisions of the American Institute of 
Mining and Metallurgical Engineers; Iron 
and Steel Division of the American Society 
of Mechanical Engineers; Production Ac- 
tivity Division of the Society of Automo- 
tive Engineers; and the Wire Association. 

The Meetings and Papers Committee 
has made strenuous efforts to make the 
technical program one of the best in the 
history of the AMERICAN WELDING So- 
creTy and has succeeded to a remarkable 
degree. There will be important papers 
giving the results of the latest researches 
in fundamentals of welding as conducted 
by the leading universities of the United 
States. There will be a special session on 
non-ferrous metal welding and also on 
merchandising of welded products. There 
will be papers on welding of machinery 
parts and large structures. Applications 
to pressure vessels, the iron and steel 
industry and dairy industry are featured 
as are, also, the training of operators. 
The welding of special ferrous metals and 
alloys is given consideration. In all, 
there are more than twenty-five papers 
scheduled. 

Welding has advanced remarkably dur- 
ing the past few years and this meeting 
ofiers a unique opportunity to keep 
abreast of the latest developments. 
Special features are being provided for the 
ladies’ entertainment. Kindly note dates 
and plan to attend. 


Dr. Adolf Krebs Was a Noted 
Scientist and Engineer 


Dr. Adolf Krebs, well-known consulting 
engineer and manufacturer, died suddenly 
at his home, 37 Robinwood Avenue, Ja- 
maica Plain, on Wednesday, June 15th. 
He was born on Dec. 19, 1864, at Wies- 
baden, Germany, the son of Dr. Georg 
Krebs, an eminent German professor who 
Was a | hysicist and scientific author of the 
time, 

His cducation was completed at the 
University of Berlin, where he obtained 
the degree of Ph.D., and at the Charlot- 
tenbur. Polytechnic Institute, where he 
Studied electrical engineering. He was 
then co nected with the German General 


Electr: Company and Siemens & Halske, 


P important engineering and administra- 
've Pos tions, being secretary to Wilhelm 


von Siemens and for years Siemens’ chief 
engineering and financial representative in 
Rio de Janeiro and other parts of South 
America, in connection with new electric 
developments in those countries 

He first came to the United States in 
1893, as the Siemens representative at the 
World’s Fair in Chicago. He finally set- 
tled in this country in 1908 and had been 
in business here ever since, especiaily in 
the oxyacetylene welding industry, in 
Boston. He was a pioneer in this indus- 
try and was prominently known, both in 
the United States and in Europe, as an 
inventor, engineer and authority in the 
oxyacetylene industry. As an inventor 
and manufacturer, he was responsible for 
many outstanding developments, notably 
in oxyacetylene cutting machines, and he 
was active in this work until his death, be- 
ing treasurer of the General Welding & 
Equipment Company of Boston. 

Dr. Krebs was the author of ‘‘Modern 
Steam Turbines and Turbine Ships,” pub- 
lished in German and French in Brussels 
in 1904 (8rd edition in 1908), and of 
“Cutting with Oxygen,” published in 
Boston in 1926. 

On Feb. 16, 1895, Dr. Krebs married, in 
Berlin, Germany, Marguerite Fleran, a 
native of Antwerp, Belgium, who survives 
him. He leaves also a son, Carlos Krebs, 
who was associated with him in his busi- 
ness, as well as a daughter, Miss M. Mar- 
guerite Krebs, and the family includes a 
grandchild, Charlotte Krebs. Dr. Krebs 
was a member of the University Club, as 
well as of various technical associations 
in this country and in Europe. 

Dr. Krebs, until his death, was a mem- 
ber of the Executive Committee of the 
Boston Section of the AMERICAN WELDING 
Socrery. 


SAN FRANCISCO 


The following are the officers elected by 
members of the San Francisco Section for 
the coming season: 

Chairman—K. V. King. 

Vice-Chairman—C. S. Smith, Linde Air 
Products Co. 

Secretary-Treasurer—H. W. Saunders, 
Air Reduction Sales Co. 

Executive Committee Member—C. A. 
Britton, Central High School. 


IMPORTANT NOTICE 


In publication of the article by F. R. 
Freeman, on “The Strength of Arc Welded 
Joints” in the June issue giving the results 
of a series of tests made in England on 
arc welded specimens, attention is called 
to the fact that the British ton is equal to 
2240 pounds. 


NAVY AND ARMY OFFICERS WIN 

MAJOR AWARDS IN SECOND LIN- 

COLN ARC WELDING PRIZE COM- 
PETITION 


(From a News Release) 


Winners of arc welding prize competi- 
tion which shows estimated savings of 
almost $1,000,000,000 are paid with 
new and unusual form of checks. 


In peace as well as war the navy co- 
operates and competes with the army 
This was demonstrated when Lt. Com 
Homer N. Wallin, U. S. N., and Lt 
Henry A. Schade, U. S. N., working in 
collaboration on the paper submitted, 
won first prize in the Second Lincoln Arc 
Welding Prize Competition sponsored by 
The Lincoln Electric Company of Cleve- 
land, Ohio. Second prize was won by 
Major G. M. Barnes, U.S. A. 

A résumé of the savings to be effected 
by using arc welding extensively in al! 
industries as shown by the approximately 
400 papers submitted in the competition 
shows an estimated saving to industry of 
almost a billion dollars a year, provided 
the protess was used as extensively as 
possible. 

The jury, under the direction of Prof 
E. E. Dreese of Ohio State University 
awarded first prize of $7500 to the te 
naval officers who submitted the prize 
winning paper. Both officers were mem 
bers of the Construction Corps at the 
Navy Yard, Mare Island, California, beat 
Lt. Schade has since been transferred to 
Washington. The title of their paper ss 
“The Design and Construction of an Arc 
Welded Naval Auxiliary Vessel.” 

Major G. M. Barnes, U. S. A., Chief of 
Design and Engineering, Ordnance De 
partment, Watertown (Mass.) Arsenal, 
won second prize of $3500 for his paper 
“Manufacture of Ordnance at Watertown 
Arsenal Revolutionized through Are 
Welding.” 

“The Application of Arc Welding to the 
Design of Steel Buildings for the Re- 
sistance of Earthquake Forces” won thivi 
prize of $1500 for H. H. Tracy, Structural 
Engineer of the Southern California 
Edison Company, Ltd., of Los Angeles 

A $750 fourth award went to Gustav 
F. D. Wahl and Harry E. Johns, Kiel, 
Germany, for a paper on a special river-sea 
bulk cargo ship. H. J. L. Bruff of Har 
rowgate, England, won fifth prize of $500 
for ‘Strengthening Weak Iron and Steel 
Bridges by Arc Welding.” A paper on 
arc welding steel cars won $250 for William 
H. Zorn of Wyandotte, Michigan 
Thirty-five additional prizes of $100 were 
awarded to writers of papers which showed 
the application of and savings possible by 
arc welding in every industry. 
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The first prize-winning paper describes 
the construction of an arc welded auxiliary 
vessel for use with the fleet at Sar Pedro. 
The hull is conventional ship-shape in 
form and is 118 ft. long, with a full load 
displacement of 300 tons. Speed of the 
craft is 10 knots. 

Arc welding has been in use by the navy 
since 1917 when sabotaged cngines of 
seized German liners were repaired by this 
process. Since displacements of naval 
vessels have been limited by international 
treaties the navy has begun to look upon 
arc welding as a standard method of con- 
struction. The process is supplanting 
riveting over a wide range of applications 
in increasing amounts on each new ship, 
as it becomes more and more evident 
that lighter structures of equivalent 
strength, rigidity and shock resistance may 
be obtained by welding. 

In addition to the partial use of arc 
welding on large ships the navy has sub- 
stituted welding completely for rivet- 
ing on a considerable number of smaller 
ships. The welded vessel was built at a 
10% saving over riveted construction. In 
addition a riveted ship of the same size, 
being 17% heavier, has a correspondingly 
reduced carrying capacity. The welded 
ship therefore yields greater service for a 
smaller investment. The total savings, 
direct and indirect, during the lifetime of 
the arc welded vessel, will be enormous 
and out of all proportion to the savings in 
first cost. 

Are welding had never been used in the 
construction of gun carriages until the 
3” Anti-aircraft mount (mobile) described 
in Major Barnes’ paper was built. This 
piece of ordnance was selected because, 
in addition to being the most modern 
type of post-war carriage standardized 
by the army, it was subjected to severe 
road tests in addition to the impact forces 
due to firing. The principal parts of the 
carriage are highly stressed and of intricate 
design. 

The substitution of welded steel mem- 
bers for castings in the piece of ordnance 
described by Major Barnes has shown such 
decided advantages in strength, weight 
saved and lower costs that it has brought 
about the adoption of welding as an ap- 
proved method of manufacture for ord- 
nance structures. 

The tremendous savings and improved 
design of the ordnance structures men- 
tioned here are typical of the results which 
can and are being secured in every indus- 
try utilizing iron and steel by the use of 
arc welding. Other papers submitted 
in the competition point out these savings. 

Mr. Tracy’s paper on arc welded steel 
buildings to resist earthquake shocks 
deals with the construction of a thirteen 
story general office building of the 
Southern California Edison Company, 
Ltd., at Los Angeles. By the application 
of arc welded construction the structure 
will resist seismic shocks of an intensity 
comparable to those which would be pro- 
duced by a disturbance similar to the 
San Francisco earthquake of 1906 or the 
Tokyo earthquake of 1923. 

Ideas, research findings and welding 
techniques advanced in the papers sub- 
mitted indicate that arc welding is playing 


an increasingly important part in industry 
every year. Prize papers will be pub- 
lished in book form. 

The first three prize winners received 
what are believed to be the most unusual 
checks ever issued. These three checks 
represented first, second and third prizes 
in the prize competition and were written 
by welding a head on a steel plate. 


Local Member Honored 


The Engineering Society of Buffalo 
has elected Mr. G. W. Swan, District 
Manager of J. A. Roebling’s Sons Com- 
pany, President of the Society for the 
year 1932-1933. Mr. Swan is well known 
to the members of the Society and has 
served as Secretary-Treasurer and Chair- 
man of the Western New York Section. 


Welding Association in Poland 


The Association for the Development of 
Welding and Cutting of Metals in Poland, 
Warsaw, 6 Hortensja Str., has published 
its annual report covering the first four 
years of existence of the association, 1927-— 
1931. At the end of the report the sub- 
ject-matter is briefed in both French 
and German. 

The purpose of the Association is as 
evidenced by its name. The report deals 
principally with the details of welding and 
cutting schools organized and carried on. 
It states that they have held 83 courses 
of instruction in welding with a total of 
2287 pupils, among whom were 245 
engineers and technicians, and 40 instruc- 
tors of professional schools. The report 
further states that the official organ of the 
Association is the monthly journal, “Spa- 
wanie i Ciecie Metali.’’ This publication 
treats important welding developments 
not only in Poland but in foreign countries. 
The report states that during the year 
1931 alone 24 conferences were held in 
the larger industrial cities of Poland, the 
conferences being devoted to the problems 
in the welding and cutting industry. 

The Association collaborates with the 
Ministry of Industry and of Commerce in 
the establishment of regulations involving 
the use of acetylene and other gases and 
in welding and cutting. The Association 
keeps in touch with similar organizations 
in foreign countries, principally with the 
Commission Permanente Ititernationale 
de l’Acetylene et de la Soudure Autogene 
a Paris, of which it is an active member. 


Welding Loads Jump to Five 
Figures 


(Reprinted from April 2, 1932, issue of 


Electrical World.) 


Far-sighted as it has been, the power 
industry: has seldom faced loads that it 
was not prepared to supply. Missionary 
work in new fields has usually been antici- 
pated by provision of system capacity 
to meet whatever business was won. 
This has been true in general even of 
electric welding, but so fast is the ac- 
ceptance of that process taking place 
that the reverse may at any time be true. 
Flash welding of pipe seams at the rate 


of 35 to 40 feet per minute requires an 
input of about 1200 kilowatts In , 
still more profligate use of power to 
attain process speed whole 36-foot lengths 
of two-foot pipe, one-half inch thick 
are being welded at one time by a battery 
of ten or twelve welding machines operat. 
ing in parallel. The job is done in one 
minute, and the power required totals 
11,000 kv-a. 

Compiling the 1931 developments, the 
Meetings and Papers Committee of the 
AMERICAN WELDING SOCIETY includes 
these instances and concludes that ‘‘the 
only limit to the size and power of electric 
welders is the amount of power that the 
power companies will be able to furnish 
to customers for welding purposes.” 

This constitutes a challenge The 
power companies have never sidestepped 
such an issue. Those who can see this 
one coming their way will do well to 
forsake the alibi defense, plead guilty 
if they are caught unprepared and un- 
dertake to conform. It will be a big 
system that can meet such loads con- 
centrated at one point. There are two 
“ifs.” One pertains to the jolt experi- 
enced by the generating units and trans- 
formation units on the system, and the 
other to the jolt pretty sure to be given 
to service of neighboring customers. 
The “ifs” will fade as fast as measures ur 
for meeting abrupt changes in load and 
voltage are extended downward from je 
the realm of the interconnected system to 
into the province of the localized situa- ve 
tion. It is another case where the once 
cute little tot has suddenly been recog- 
nized as a strapping youngster. 


m 
Welding Here and Abroad ac 
(Reprinted from March 24, 1932, issue of tr 


Engineering News-Record.) 


Coincident with the remarkable growth 
in the utilization of structural welding 
in this country, European engineers have 
steadily been adding to the number and 
type of their welded structures. While a 
detailed quantitative comparison of ac- 
complishment is not available, it is ap- 
parent that American engineers have 
made the most rapid strides in applying ti 
welding to tall buildings. On the other to 
hand, European engineers can point to or 
more all-welded bridges of substantial 
size. Of the four longest welded truss 
bridges in existence three are in [urope. 
The single American bridge, that at 
Chicopee Falls, Mass., is a railway struc 
ture and is thus heavier than the European 
bridges, which are for highway service. 
Until recently the Chicopee Falls bridge 
could also boast the longest sp2, but 
the new Czechoslovakian bridge («scribed 
in this issue exceeds it materially. A! 
though most of the all-welded bri-ses are 
in Europe, it is worth recordi.; that 
American railroad engineers ha\« beet 
particularly active in utilizing welding 
for the repair or reinforcement 0! "idges, 
a recent compilation giving 75 «isting 
bridges in which welding has bee: «tilized 
to a major degree in repair and « <"ation 
work; highway engineers ha ee? W 

(Continued on page 38) 
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big EING an old shipbuilder myself and having spent 


most of my life in that activity, I naturally take 
pride in whatever can be done in that field, and 
particularly when what is done is actual progress in the 
line of better ships at a lower first cost and a lower 
maintenance cost 

We have three papers before us today and it will be 
unfair on my part to stand here and tell you what I 
and think about either the substance of the papers or the sub- 
ject as a whole, but the papers do one thing that I want 
to emphasize particularly: They stress and explain the 
vast necessity for careful study of design and procedure 
which is the foundation for successful welded ship con- 
struction. 

It has been generally conceded that the Navy Depart- 
ment of this country has been ultra-conservative in its 
activities and hasn’t led the way as much as the indus- 
trial party has felt should be the case. I think that 
these ideas are based on a misunderstanding of the facts. 
In my experience with the Navy Department (and I 
have had quite a little of it) it is evident that a founda- 
tion must be laid, a solid foundation must be laid, before 
id the work can branch out in various divisions, and I 
don't care to say how far back it is since the Navy De- 
partment started to investigate welding, but I think it 
dates back to almost the days when some of us were first 
playing with that new art. The fact that that founda- 
tion was carefully laid will be more clearly demonstrated 
to you by the first paper of this morning which refers to 
or covers the welding on the U.S. S. New Orleans. 


Captain J. O. Gawne of the U. S. Navy presented 
his paper on “Welding in the Construction of the 
U.S. S. New Orleans.”’* 


truc 
a Cii\IRMAN Ewertz: I think the paper that has just 
a been read and the illustrations which have been shown 


but check up with what I tried to draw your attention to, 
: that the Navy Department is making very rapid progress 
basec on a very excellent knowledge of the work. 
The picture of the submarine rescue chamber was of 


s are 

that particu ar interest to me, because, having had the pleasure 
oo of bu: jing the Holland and since that time some hundred 
ding 


d submarines and having the pleasure of being down at 
all kivds of depths on tests in submarines, you would 
think iat I would be very pleased to know that there is a 
definit« way to get away from a submarine in an emer- 
gency _T have been out in some pretty nasty accidents 
which Jidn’t prove fatal, however, to anybody, but, 
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knowing how a submarine is constructed and the care 
taken to construct that vessel and knowing the training 
that the Navy Department compels the men to go 
through who operate those submarines, it is a very rare 
thing for a major accident to happen to a submarine ex- 
cept during war—and I have never been afraid to go 
down and I am still here to tell the story. 

The next paper deals more definitely with the founda- 
tion work for welding on Navy ships. 


Mr. L. C. Bibber, who is in charge of welding de- 
sign at the Bureau of Construction and Repair in 
Washington, presented his paper on ‘* Experimen- 
tal Determination of Stresses in Welds.”’* 


CHAIRMAN Ewertz: I had the pleasure two weeks ago 
of talking to a man who has charge of welding in one of 
our shipyards where they were doing some converting 
and alteration work on some passenger ships and he told 
me that they estimated the welding on each ship would 
be somewhere around 60,000 feet. If you put 60,000 
feet of welding into a steel structure of Prof. McKibben’s 
design, it would be quite a structure. I don't say that 
to minimize the steel structure at all but more to empha- 
size the necessity of careful study and careful design as 
emphasized in these two first papers that we have heard 
today. 

The next paper on welded barges built by the Federal 
Shipbuilding and Dry Dock Company is the commercial 
aspect of welding as applied to ship construction. 


Mr. Gordon G. Holbrook, General Superin- 
tendent of the Federal Shipbuilding and Dry 
Dock Company, presented his paper on ‘*Welded 
Barge Construction.”’+ 


CHAIRMAN Ewertz: We have with us here today a 
number of gentlemen who are active in the work that has 
been presented and have made a close study of the vari- 
ous phases of it, and I am sure that we will be able to 
spend a short time left of our morning meeting to great 
advantage if we can have some discussion. I may ask 
that the discussion, due to the necessity of time, be brief. 

Mr. H. W. Pierce (New York Shipbuilding Co.): 
Mr. Chairman and Gentlemen: I have certainly enjoyed 
the paper that was presented by Cap. Gawne and I 
want to congratulate him and his associates on the very 
comprehensive review of the welding on that cruiser. 
Those who have not had the opportunity to witness the 
work on these cruisers will doubtless regard this paper 
with interest and, I may add, probably some surprise. 
To those of us who have seen these ships take form this 
paper is of even greater value in its presentation of the 
solution, at least as practiced at the New York Navy 
Yard, in welding problems applied to shipbuilding. 

Fitting welding into the industrial plant has become 
one of the industry’s leading problems, and nowhere 
is that problem more complicated by the multiplicity of 
associated trades, by the nature of the erection and ma- 
terial handling, as well as by tradition and custom, as it is 
in shipbuilding. That is not to say that the technical 
problems in connection with welding have been solved. 
We have come to know something of the art and bit by 
bit the idea is being sold to the people who ultimately 
pay the bill—in other words, the owners. But in many 
ways (and I include all industrial plants, not merely ship- 
building plants) there is much to be done in the matter 
of organization in order that welding may be on an eco- 
nomical basis. 

The extent to which welding is used must be a surprise 


* Published in May issue of JouRNAL oF THE AMERICAN WELDING Soctiery. 
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to many, for prior to Captain Gawne’s paper there has 
been very little published, to my knowledge, on the ex- 
tent of welding in shipbuilding and more particularly in 
the Navy where it is used to so great a degree. After 
all, it remains for a representative of the Navy to publish 
matters in connection with our war vessels. 

It has been the good fortune of the company which I 
represent to have built or have building four of these 
cruisers. The first, the Salt Lake City, was a sister ship 
to the Pensacola, to which Captain Gawne made some 
reference. The next, the Chester, had only slightly more 
welding. The design had been changed radically and 
not so much thought had been given to the extension of 
welding. The third, which is rapidly approaching com- 
pletion, has much more, and I thought some of the fig- 
ures might be interesting. These were picked up hur- 
riedly and it is not possible to check them accurately. 
For example, all the shop welding on our first two 
cruisers was checked as a finished weight; that is, the 
fabricated parts were weighed after welding so that the 
weight of deposited metal is lost in the weight of steel 
delivered to the ways. However, there were 14 tons of 
deposited metal. That means the final deposit, ex- 
clusive of stub and splatter loss. I should estimate that 
at least 30 per cent more was put on in the shop, perhaps 
even higher than that-—say, 20 tons of deposited metal 
on each of the first two ships. 

A check of the storehouse records for wire delivered to 
the Indianapolis shows that to date just short of 100,000 
pounds of wire have been delivered to the ship. My own 
deduction for stub and splatter loss, based on a good 
many tests in the yard, is not far from 25 per cent. 
Converting that into tons means that the ship will have 
somewhere around 32 tons of deposited metal. Any- 
body’s guess is good for the fourth ship, which is prac- 
tically a sister ship of the New Orleans, but my own esti- 
mate will be in excess of 55 tons of deposited metal. 
That is a lot of welding rod and it illustrates, too, the 
rapid growth over some four or five years even in the 
Navy's use. 

With Captain Gawne’s observations in part ten of his 
paper, I am in thorough and complete agreement. In 
fact, it is the most interesting part to me, particularly 
from the standpoint of costs. The training of the people 
who do your design, the matter of shop assembly and, 
finally, the accuracy of fitting have a great bearing. It 
is not always true, though, that the designer has a free 
rein to do what he knows the welder and the erector 
want, and there is a case in point on those ships which is 
worth mentioning, particularly with regard to Mr. 
Bibber’s tests on fillet welds. For example, the longi- 
tudinals in the forward part of the ships are built up of a 
thin web and a heavy face plate. Those two members 
are welded together. Due to deep frames and bulk- 
heads those longitudinals, of course, are frequently in- 
terrupted. Where interrupted the specifications re- 
quire that the web plate be cut, but that the face plate 
extend through the bulkhead for at least 12 inches. 

That requirement makes a very nice welding job into a 
Japanese jigsaw problem. It makes it impractical to 
weld the face plate to the web in the shop because of this 
protruding end of the face plate which is to be led 
through 2 slot in the bulkhead or floor, and requires us to 
do all that welding overhead in the ship 

Furthermore, the fitting of these comparatively heavy 
pieces into small slots and later welding up those slots in- 
creases cost tremendously. I hope that further investi- 
gation of the fillet weld, more particularly of the double 
tee joint, will permit eventually using a very much simpler 
connection at these points. The design of a ship, inciden- 
tally, is full of those points. That is merely one. 
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The matter of fitting and its effect on costs is mainly 
one of view-point. When welding first came into ship- 
building it came in as a repair tool. It made possible 
very difficult repairs in a minimum of time and cost. [py 
new work construction it saved the job in more cases 
than one. Alterations in design when material had been 
partly fabricated made use of welding to reclaim some of 
that material. Mistakes or poor fits were made good. 
It was expensive but the expense was justified. When we 
come to design .ng welding on a ship, we have an entirely 
different matter. If the design calls for a tee joint with a 
quarter-inch continuous fillet weld, and when those parts 
are assembled on the ship there is an opening of an 
eighth of an inch (an eighth of an inch isn’t very much to 
your old-time shipbuilder) that more than doubles 
the cost of the weld and moreover gives the welder a 
very difficult job in achieving a neat and workman-like 
finish. 

We must get accustomed to much closer and more 
accurate fitting. Welding, accused of encouraging sloppy 
work, is going to be actually the means of getting a higher 
grade of shipbuilding than we ever had before, simply by 
necessity. 

Mr. E. D. Deses (Bethlehem Shipbuilding Corp., 
Ltd.): Mr. Chairman and Members: I came down here 
rather hurriedly and did not have time to make any 
notes, but I would like to ask Capt. Gawne a few ques- 
tions: We noticed that the rings in the stern tubes on the 
New Orleans are welded. We had this under considera- 
tion in an effort to obtain sound castings, and I assume 
that was your reason for welding the rings, and that 
you had to anneal the castings after welding. We also 
considered leaving the rings out entirely and machining 
the tubes right through. This, however, has not been 
finally settled. 

Captain J. O. Gawne (United States Navy): Put- 
ting the welded rings in was a requirement of the Bureau 
of Construction and Repair and I understand that it 
was due to a large extent to troubles which they had ex- 
perienced in getting sound castings with the rings form- 
ing a part of the barrel. We have finished that work on 
all four struts and on four-shaft tube castings success- 
fully. The struts, of course, haven’t been annealed; 
the shaft tube castings have been annealed. 

Mr. Deses: I should also like to ask Capt. 
Gawne if he has any data on the shrinkage caused by 
welding. 

CapTAIN GAWNE: We have the data on the seaplane 
wreekage derrick which we built. 

Mr. Deses: We have that data, also the data on the 
garbage lighter built on the West Coast. We have car- 
ried out experiments to check the data given in the Navy 

Department’s report on the lighter, but so far our results 
do not agree in that we get less than half the shrinkage. 

CapTAIN GAWNE: We have taken steps to take care- 
ful data on the forward end of a ship when it is welded, 
but that work hasn’t got far enough along to make that 
data available as yet. 

Mr. Deses: Especially on transverse shrinkage we 
can’t get the same results as the West Coast Navy Yard- 
We are, however, carrying out more elaborate exper 
ments, the results of which will be available in a short 
time. 

Captain GAwWNE: Do you refer to the new cruiser of 
abarge? It would be interesting to compare data. 

Mr. Deses: Our experiments are carried our in col 
nection with the new destroyer to determine the m. th 
to be employed in constructing these vessels, which ate 
of the semi-welded type. 

Mr. BENNETT (Lioyd’s Register 0! Ship- 
ping): Mr. Chairman and Gentlemen: Mr. Hol!)r0oks 
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ily very interesting and instructive paper covers a sub- 
ip- ject which has become of increasing importance dur- 
ble ing the last decade, and, of course, I am especially 
In interested in it from the classification and insurance 
Ses standpoint. 

een For many years classification societies approved 
: of autogenous welding with some hesitation and only for 


relatively unimportant repairs. During the past few 
years, however, an increasing demand has arisen for the 
extension of its approval, so that we now find its use 
sanctioned not only for the welding of bulkheads, non- 
strength decks, inner bottoms, pillars and girders, casings 
and deckhouses, etc., but for the welding of the complete 
ship, provided certain stipulated tests are satisfactorily 
carried out at the shipyard. 

Mention might be made in passing of the all-electrically 
welded Fullagar, now the Shean, classed experimentally 
by Lloyd’s Register of Shipping as far back as 1920. The 
vessel has had very severe service, running first between 
South Wales and Liverpool with cargoes of steel plates. 
Later she was taken to the West Coast for coasting ser- 
vice in British Columbia, carrying cement. In 1930 she 
ran on a rock at full speed, damaging the bow severely. 
Her record is as follows: 

Only on one occasion prior to the damage was the 
welding required to be renewed. The corrosion on the 
welded material is not more marked than on the sur- 
rounding material. After the above-mentioned damage, 
it was found that the welding was satisfactorily perform- 
ing its function as a connecting medium. 

It is no wonder, therefore, that rules have now been 
proposed by Lloyd’s Register of Shipping giving direc- 
tions as to the size of full and light welds, also the size 
and spacing of intermittent welds, width of overlaps, 
throat thicknesses of welds and the kinds of welds to be 
~ used in the different parts of the vessel’s structure, in- 
cluding shell, deck, center girder, inner bottom, bulk- 


it it heads, frames, beams, etc. 

| ex- _ Naturally such progress which has developed so far 
ipl is to be found in the smaller types of vessels, such as 
on 


steel deck barges and oil barges. The Holbrook system 
provides an adequately strong and seaworthy vessel. 
There is no necessity to reiterate the method of construc- 
tion, as that is given in full detail in the paper, but in 
general it may be said that the system comprises primary 
transverse members in the form of webs, the secondary 
shell support being provided by the longitudinally dis- 
posed flanges of the channel sections. These are all 
connected as mentioned in the paper, by automatic 


1 the welding, the advantage of which is obvious as it disposes 
car- of errors introduced by the human element. Further, 
+d the welding is done on the relatively thick flanges of the 
su 


channel bars, not on the thin shell plating, thus obviating 
any local weaving of the shell due to the thermal effects 
of the welding, as is sometimes associated with other 
systems of welded construction. 

I have no criticism to make on the paper and have no 
hesitation in endorsing the system of construction as 
applied in this type of welded vessel. I wish to con- 
gratulate Mr. Holbrook not only for his paper but for the 
excellent barges which I have from time to time seen 
produced under his supervision at the Federal Ship- 
building and Dry Dock Company’s plant. 

Mr. G. N. Buxt (Lincoln Electric Company): Mr. 
Lincoln was going te present a few comments on Mr. 
Holbrook’s paper. He has asked me to express his re- 
grets at being unable to attend the meeting. I will read 
4 few comments in his behalf. 

The welded barge described by Mr. Holbrook is a 
very interesting application for some of the newer de- 
90k's Velopments in are welding. This uses the first automatic 


machine for ship construction which welds with the 
shielded arc. 

“The importance of this can best be appreciated when 
it is known that probably within the next five years no 
type of welding other than the shielded arc will be 
used. The reason this is true is that with the shielded 
arc the tensile strength of the weld is increased by about 
30 or 40 per cent over the unshielded arc, and also the 
ductility of the weld is increased by about three times. 
In other words, the resulting weld is so very much better 
that, if reliability is considered at all, other types of 
welding will, of necessity, be superseded. 

“The shielded arc is the type of welding wherein the 
deleterious effects of the nitrogen and oxygen of the air 
are eliminated in the arc. This can be done by a num- 
ber of methods, i.e., by gas, by some types of slag coating 
on the deposited metal, or by a gas which is actually 
manufactured at the point of weld by the burning of 
either the coating on the rod or some fibrous materials 
which are fed to it. 

“The machine used by Mr. Holbrook in his manu- 
facture was the first commercial automatic welding ma- 
chine using the shielded arc. It is still the only type in 
commercial operation today, yet there is very little 
doubt that methods will be found so that the metallic arc 
can also be automatically used and the same shielding 
results obtained. 

“The advantages of the type of welding used in the 
construction of this barge are numerous. As there is 
practically no metal added, there is no possibility of 
laps or breaks in the welded seam, and the total cost of 
doing the work is infinitesimal compared to previous 
methods. There is no preparation of the edges neces- 
sary, and the welding speed for the size of the weld is 
several times as fast as can be obtained with other known 
commercial methods. 

“This same type of apparatus and method can be used 
in many other places where it is not now in commercial 
operation. Among these will be such places as the 
welding of battle-deck flooring, the manufacture of any 
large, flat surface made up of shapes or plates, the manu- 
facture of pipe in all sizes, the manufacture of other types 
of containers. 

“However, this application has already been applied 
to large water pipe almost universally, and is being used 
also in the manufacture of smaller diameter pipe and 
tubing. There is very little doubt that this can com- 
mercially be applied to welding of plates up to */; in. 
thickness without backing and with full penetration of 
the sheets under proper conditions. 

“Mr. Holbrook’s paper not only tells us of a fine ex- 
ample of welded construction which is superior in every 
degree compared to a wood or riveted design, but at the 
same time it also shows how automatic machine welding 
can be applied to produce a superior welded construction 
at low cost.”’ 


Written Discussion by Mr. David Arnott of Mr. 
Gordon G. Holbrook’s Paper on *“‘Welded Barge 
Construction by the Federal Shipbuilding & 
Drydock Company.”’ 


That the application of electric arc welding to ship con- 
struction has become increasingly important in this 
country in recent years is in no small measure due to the 
work of pioneers like Mr. Holbrook, of the Federal Ship- 
building & Drydock Company, who were quick to see the 
possibilities of the all-welded ship and had the necessary 
courage and initiative to go ahead and convert their 
theories into practice. 

It was obvious from the beginning that a suitable and 
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immediate field for the successful and economic applica- 
tion of are welding to shipbuilding lay in the construc- 
tion of scow barges of simple rectangular section rather 
than of vessels of ship shape form, and Mr. Holbrook’s 
design was got out primarily for this class of ‘‘straight’’ 
work in association with the use of the automatic ma- 
chine. The American Bureau of Shipping, with which 
classification society I have the honor to be associated, 
took a keen and sympathetic interest in Mr. Holbrook’s 
proposals right from the early stages of the design, and 
four of the all-welded barges turned out by the Federal 
Shipbuilding Company were built under the supervision 
of our surveyors to the highest classification of the 
Bureau. I may say that these particular barges have 
all given very satisfactory service and have more than 
fulfilled our expectations. 

Welded barges are not any more immune from the 
perils of the sea than their riveted sisters, and it is there- 
fore not surprising that since they left the builders’ 
yard they have been subject to the usual casualties, i.e., 
grounding, collision, etc. 

The Bureau Surveyors who supervised the damage 
repairs are of the opinion that in each case the damage re- 
sulting from the casualty was less extensive and easier 
to repair than would have been the case if the barges had 
been built of the usual riveted construction. There 
were no leaks or failures of the weld adjacent to the actual 
area of contact, and repairs were very easily and eco- 
nomically effected by cutting away the damaged portion 
only and welding in new sections; no other renewals 
were necessary, nor were any major repairs required to 
the adjacent structure. Had the vessels been of the 
ordinary riveted plate construction, it is probable that 
considerable caulking and rivet renewals over a wide 
area in the vicinity of the actual area of contact with the 
ground would have been necessary. There is no doubt 
that all-welded steel barges have come to stay, and if 
Mr. Holbrook is not over-optimistic in his statement that 
welded barges can now be built at a price to compete with 
riveted barges of conventional design or even with 
wooden barges, the time when welded barges will be in 
general use is not far distant. 


Discussion of paper by Leon Bibber, on “‘Ex- 
rimental Determination of the Values of Fillet 
elds in Tension,” by Cyril D. Jensen. 


Mr. Bibber makes two assertions in his paper to which 
exception is taken. First, in computing for working 
ultimate loads he considers a fillet weld to have penetra- 
tion as indicated in Fig. 14. He considers this an im- 
portant part of his general computation for working 
loads and states that the strength of fillet welds should 
be based on this feature, that is, an additional '/;-in. 
penetration into the root. From my own experience, 
which includes observation of a great many specimens 
broken in our laboratory and also etching of many more 
to study penetration due to arc length and welding cur- 
rent, I have come to the conclusion that penetration 
similar to Fig. 1A is rather the exception. For the 
general acceptable weld I suggest Fig. 1B as representing 
more nearly the average penetration for bare-wire welds. 
Very often mediocre welders get a penetration as indi- 


cated in Fig. 1C. 
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The second item is that Mr. Bibber feels that the serie; 
of tests made by him and reported at the spring meeting 
proves the correctness of his theory of stress distributioy 
in end-fielded fillets. 

Using his tests, but computing stresses by the presen; 
accepted method, namely, P/throat area, there results an 
average stress for the */;- to 1'/,-in. welds of 43,800 Ib. 
per sq. in. with extreme values of 37,000 and 52,400 Ib. 
per sq.in. Considering the fact that it is already known 
that brittle metal results from bare-wire welding and also 
that for working loads unequal distribution of stress ob- 
tains across a fillet, the average stress of 43,800 Ib. per 
sq. in. seems very reasonable. 

This criticism of Mr. Bibber’s presentation may seem 
to indicate that I am championing the present method of 
computing stresses in end-welded fillets. My view-point 
is that the present method is extensively used with ap- 
parent satisfaction and should not be given up unless a 
more perfect method is evolved and is definitely proved 
true. 


WEDNESDAY AFTERNOON SESSION 
Pres. F. P. McKibben Presiding 


Discussion of paper on “‘A Study of the Trans- 
formation Points of Fusion Weld Metal,’’* by 
Messrs. Hensel and Larsen of the Research Lab- 
oratories of the Westinghouse Elec. & Mfg. Com- 
pany, presented by Mr. Larsen. 


Mr. Doyie: Mr. President, I would like to ask the 
author a question. He referred to the nitriding of Armco 
iron and the nitriding of bare-wire weld. We are more or 
less familiar with the so-called nitriding of steels which | 
believe are supposed to contain a specified percentage o/ 
aluminum or chromium or some other alloy. But what! 
would like to ask is, if Armco iron can be nitrided is 
there any reason why it should be nitrided other than for 
experimental purposes? Is there any commercial reason 
why it would improve it for use? 

Mr. E. I. Larsen (Westinghouse Elec. & Mfg. Co.): 
No, it will not improve it. In fact, nitrided Armco iron 
is extremely brittle and if heated or given a slight tap 
will break all te pieces. We merely nitrided these 
samples to get the nitrogen in the iron for testing pur- 
poses. We knew that welds contained nitrogen and we 
wanted to see if we could prove that nitrogen in the weld 
material was causing these peculiar expansion character- 
istics. In order to get a higher nitrogen content we 
nitrided the weld material which contained between 0).|+ 
and 0.17 nitrogen and in that way we got samples con- 
taining as much as 3.5 per cent nitrogen. As far as | 
know there are no commercial applications for nitrided 
Armco iron. 

Mr. McCune: How far does that nitriding process 
go, much below the skin? 

Mr. Larsen: We drilled these samples. That is, we 
took a half-inch sample and drilled a quarter-incl hole 
through it so the stream of ammonia passing over the 
sample would also pass through it, and nitride on the 
inside as well as the outside. We usually got cases 0! 
about a sixteenth of an inch thick during a week's 1 
triding, but during that week’s nitriding we would rais 
the temperature to 900 degrees every 24 hours in order (0 
diffuse the nitrogen into the material. In that way we 
obtained fairly homogeneous alloys. 

Mr. W. B. Mitier (Union Carbide and Carbo: Res 
Labs.): In Table IT the oxygen content of a bare-witt 
weld is given as 0.259%. Calculated as iron oxic ths 
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gives about 1%. This same table shows the coated 
electrode weld to contain considerably less oxygen and 
nitrogen, whereas in Table III the residue analysis shows 
the coated electrode weld to contain approximately three 
times the amount of impurities found in the bare-wire 
weld. Since FeO is not determined by residue analysis, 
we believe that the gas analysis results are to be con- 
sidered a more reliable index as to the amount of impuri- 
ties in the weld metal. 

Mr. LaRSEN: We obtained the residue analyses by 
the method developed by Fitterer, that is, by electrolysis 
of the samples. The FeO content cannot be determined 
by this method. 

Mr. MILLER: 
better story. 


I should say that Table II tells the 


Discussion of paper on “Cause and Cure of In- 
tergranular Corrosion in Austenitic Steels,”’* by 
Dr. John A. Mathews, Vice-President of the 
Crucible Steel Company and also Director of 
Research. 


Dr. R. H. ABorN (United States Steel Corporation 
Research Laboratory): Dr. Mathews’ very able presen- 
tation of his subject brings out with welcome clarity and 
straightforwardness much of the knowledge which has 
been all too often shrouded in undue mystery. There is, 
however, in. our opinion, a certain unwarranted in- 
definiteness still attaching to a few points discussed by 
Dr. Mathews. 

In the first place, his remarks on the chromium deple- 
tion explanation or hypothesis seem to call for a brief 
reply, since possibly we have been the most vigorous 
supporters of this hypothesis on this side of the Atlantic. 
Dr. Mathews mentioned a very striking example of an 
analysis of disintegrated metal showing that the full 
carbon content was apparently present. That to us is 
not surprising; the proponents of this theory have never 
assumed that any appreciable proportion of the carbon 
would have to precipitate at the grain boundaries in 
order to induce serious local chromium depletion. In- 
deed, the loss in weight suffered by the whole of a dis- 
integrated piece of metal is far too small te account for 
any appreciable loss of carbon or chromium considered as 
a fraction of the whole, and therefore it is not surprising 
that analysis does not disclose the possible ten-thou- 
sandths of a per cent loss in carbon. 

Dr. Mathews has implied that chromium and carbon 
apparently diffuse at the same rate when carbide pre- 
cipitation takes place at the grain boundary. That view- 
point, we believe, may be shown untenable by a con- 
sideration of the processes of carburizing and chromizing. 
Although they are generally not done at the same tem- 
perature, yet it is well known, I believe, that the process 
oi carburizing is a very much more rapid process than 
that of chromizing even at temperatures which are con- 
siderably higher than the temperatures involved in this 
particular phenomenon. Therefore it is not surprising 
that with temperatures below 1500° F. and generally in 
the vieinity of 1200° F. (or below) this phenomenon can 
occur with carbide formation at the expense of chromium 
de; ction in the immediate vicinity of the grain boun- 
da:s. A simple computation will show that the forma- 
on of any crystallite of CrsC in 18-8 requires the migra- 
uon of carbon from distances between two and three 
ums as remote as that of the chromium in the same 
period of time. 

'\ her chromium steels, as Dr. Mathews stated, show 
& Susceptibility to intergranular attack, similar to that 
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evidenced by lower chromium of the ordinary 18-8 
variety. That, too, is to be expected since this disparity 
in rates of diffusion of the chromium and the carbon is not 
appreciably altered by merely adding 10 per cent or more 
of chromium. Since the chromium-rich carbide con- 
tains, as has been variously estimated, from 75 to 90 
per cent of chromium, we would not expect to find, per se, 
any improvement in this respect until we increase the 
chromium content of the alloy certainly well above 50 
per cent, but obviously such alloys are not listed among 
the commercial metals and have not been much investi- 
gated. 

Dr. Mathews also stated that tests over very long 
periods in the range of 1000-1500° F. do not seem to 
bring about a correction of this susceptibility, at least 
to any marked degree. In the following table are 
summarized some data that we have obtained at the 
laboratory on 18-8 alloys containing 0.06-0.08 per cent 
carbon showing the effect of time of exposure on the 
temperature at which maximum susceptibility develops 
and on the highest temperature at which susceptibility 
can be detected. 


Highest 


Approximate Temp. 
of of Max. Suscep- Temperature of 
Exposure tibility Susceptibility 

2 minutes 1300 1500 
1 hour 1200 1400 
100 hours 1100 1300 
1000 hours 1000 1200 
4000 hours 950 1100 


As determined by CuSO,:H,SO, test 


The trend toward lower temperatures with longer 
period of exposure is clearly evident and demonstrates in 
a convincing manner the influence of prolonging the ex- 
posure to a given temperature on the restoration of 
chromium in the depleted areas through diffusion. Thus 
at 1300° F. while chromium depletion is very marked 
after 2 minutes, restoration is practically complete after 
100 hours at the same temperature. It is not surprising 
then that Dr. Mathews has observed that after 2500 
hours the 18-8 is still susceptible to attack at 1000° F. 
simply because this gradual lowering of the upper limit 
of the temperature range of susceptibility never passes 
1000° F., as far as we have observed in test periods up to 
4000 hours. 

One further point raised by Dr. Mathews was in regard 
to the size of the carbide particles themselves. It does 
not seem that the size should affect the chromium de- 
pletion, but the requirements for the formation of a large 
particle involve either a long time at a given temperature 
or a shorter time at a higher temperature. Now either of 
these conditions, in the meantime, is ample for chromium 
diffusion to occur and make up for the depletion in the 
immediate vicinity of the grain boundaries. 

We should like to add a few sentences to Dr. Mathews’ 
discussion of the three methods of eliminating inter- 
granular corrosion. First, the use of low-carbon metal is 
indeed greatly superior, and that degree of superiority is 
no longer a matter of conjecture; one can easily measure 
the precise degree of improvement resulting from the use 
of the low-carbon alloy by a method developed in the 
Research Laboratory of the Steel Corporation involving 
the measurement of the electrical resistance of a specimen 
before and after a controlled intergranular corrosion 
attack. The method has been described in a paper re- 
cently presented before the American Institute of Mining 
Engineers. 

In regard to the proposal to increase the alloy content, 
it is indeed a pleasure to note that Dr. Mathews also has 
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observed that the mythical point of demarcation at an 
iron content of 72.5 per cent is without significance in the 
behavior of these alloys toward intergranular corrosion. 
We fully agree with Dr. Mathews that there is no basis 
in fact for that opinion; many specimens with more iron 
have given excellent service and many more with less 
iron have suffered severe intergranular attack. 

As to the remark that the exact explanation of the 
efficacy of titanium has not yet been found, we believe 
that a satisfactory explanation is not so difficult as it may 
appear. In fact, it becomes relatively simple from the view- 
point of the chromium impoverishment concept. The 
titanium action involves substantially the formation of 
titanium carbide, instead of chromium carbide, thereby 
avoiding chromium depletion. With the exception of 
silicon (the benefits from which are solely due to the 
formation of ferrite) all of the special elements mentioned 
by Dr. Mathews form carbides more stable than chro- 
mium carbide. As titanium is very effective we have 
given it particular attention, involving the development 
of the proper proportions in which it should be used and 
a thorough study of the properties of these titanium 
steels. The ability of titanium to produce a stabilized 
alloy without the accompaniment of ferrite is noteworthy 
in that it provides a means of retaining substantially un- 
altered all of the valuable physical and mechanical prop- 
erties of the original austenite. We believe that tita- 
nium offers a very satisfactory method of avoiding inter- 
granular corrosion in many applications where that prob- 
lem exists. 

In conclusion, I believe it must be admitted that the 
real test of an explanation is ‘‘Does it work?’ Is it of 
any practical value in predicting the behavior, and, by 
suitable alteration in processing based on this hypothesis, 
producing a material which is substantially free from this 
susceptibility? We believe that the chromium-depletion 
hypothesis is a workable one and does explain the be- 
havior, inasmuch as entirely apart from chemical addi- 
tion elements we have produced an alloy which is sub- 
stantially free from this susceptibility to intergranular 
attack, through a means of inducing carbides to pre- 
cipitate uniformly throughout the grains so that the 
paths of diffusion are reduced in length by a thousand- 
fold or more. Consequently, chromium depletion is 
practically negligible and therefore the material is sub- 
stantially immune to attack. This actually has been 
achieved by experimental methods with the production of 
material which in practice has fully justified the use of the 
chromium-depletion hypothesis in working out the 
method of production. 

Dr. Joun A. Matuews (Crucible Steel Company of 
America): You can produce a magnetic condition con- 
taining some ferrite without the use of an additional ele- 
ment, but in those cases, while we may have some re- 
sistance to intergranular attack, we have not anywhere 
near the resistance we have had when the additional 
element is present. The additional element is not the 
only way to produce delta ferrite in chrome-nickel series 
if you balance the chrome-nickel properly. 

On the other hand, in a relatively low type, around 
18-8, when you have magnetism, it is probably due to the 
breakdown of austenite into ferrite with the chrome 
impoverishment and in that case magnetism may indi- 
cate susceptibility. 

Bear in mind the samples we were working with and 
discussing here had to do with short-time heating as, for 
example, in the process of welding sheets or plates, and 
do not include the holding of these alloys for véry long 
periods of time at embrittling temperatures as might be 
true in chemical apparatus where steel is continuously 
used within a range of 1000° to 1200° F., for example. 


_ In this table that Dr. Aborn first put on the board, do 
I understand that 1100° was the lowest temperature at 
which he found susceptibility ? 

Dr. ABORN: I believe I said that for a thousand hours 
the maximum susceptibility occurred at about 11(0° F. 
but that in certain alloys we had found some suscep- 
tibility to attack below 900° F. 

Dr. Matuews: A sample we recently examined 
after 2500 hours at a thousand degrees was markedly 
susceptible. The point I was getting at was that the 
minimum point was at about a thousand, but apparently 
after several thousand hours it was stiil susceptible, and 
homogeneity by diffusion had not been reached. 

Most of the work I have been describing was for a 
constant time within that range. The ten-minute period 
we took as representing what might happen in the ordi- 
nary welding operation. 

Mr. MiLuer: I should like to ask Dr. Mathews and 
Dr. Aborn if all their corrosion experiments were on 
fully annealed material to start with, or on material 
with commercial finish, i.e., somewhat cold-worked? Is 
there any difference in the effect of the welding heat on 
fully softened or cold-rolled material? 

Dr. Matuews: We have found that the cold-rolled 
stuff in general is quite resistant to corrosion where the 
stressing is uniformly applied, but where a right-angle 
bend is put into a piece, it is likely to fail at the bend 
more readily than in flat portions where there are no un- 
usual stresses. 

Mr. MiL_er: What I mean is, is there any difference 
in the effect of heating at, say, 1200, on cold-rolled ma- 
terial on the susceptibility? 

Dr. MatHews: Cold-rolled material has presumably 
had the high anneal at some time before the cold-rolling 
operation and I am inclined to think it would be quite 
upset by reheating at 1200. 

Mr. Miter: I had in mind cold-worked material 
would be more susceptible to carbide precipitation than 
the fully annealed at the same temperature. 

Dr. Matuews: I have no figures on that. 

Dr. ABorn: I think definitely that the cold-rolled 
material is distinctly less susceptible. 

QugsTION: I would like to ask Dr. Mathews if he 
found the addition of titanium in the higher carbons 
to be effective in resisting corrosion. 

Dr. Matuews: The author greatly appreciates the 
discussion by Dr. Aborn and would not wish to convey 
the impression that he disagreed with the hypothesis of 
Mr. Bain and Dr. Aborn in regard to chromium carbide 
precipitation or chromium impoverishment. He feels, 
however, that something remains to be explained in re- 
gard to this phenomenon. There can be little question 
but that chromium carbide precipitation does occur. 
Some people believe that there is a migration of the car- 
bon to the grain boundaries and that the precipitation 
there is much greater in amount than that due to actual 
carbon in close proximity to the grairi boundaries at the 
time that the action occurs. If there is a migration of 
carbon from the center of the grains to the peripheries 
and this intergranular material is subject to attack, then 


the residual granular material such as we analyzed would 


be expected to show this loss of carbon and if such mi- 
gration does not take place then the effect at the grain 
boundaries must be considered as due to the ‘one 
hundredth of 0.15 carbon,” for example, as referred to 1! 
Dr. Aborn’s discussion. This, it would be recoguized, 
is an extremely small amount of carbon to produce such 
disastrous results as are sometimes noted. Furthermore, 
if the period from 2 to 10 minutes at a temperature of, 
say, 1200° F. is sufficient to cause this trouble, t!en it 
would certainly seem as though 2500 hours at 1000° F. 
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should be a sufficiently long time to bring about a uni- 
form diffusion of chromium in the areas surrounding the 
carbides. 


THURSDAY MORNING SESSION 
April 28, 1932 


Mr. C. W. Obert, Chairman, Welding Conference 
Committee, Presiding 


Discussion of paper on ‘Spot Welding,’’* by 
Carl De Ganahl, President, Fleetwings, Inc. 


CHAIRMAN OBERT: The paper is now open for dis- 
cussion. Is there any question you would like to ask 
Mr. De Ganahl about this very interesting practice? I 
consider this a very important and valuable contribution 
to the records of the AMERICAN WELDING SOCcIETY. 
These alloys embrace a large family and much too little is 
known of them. We need to know a great deal more, 
particularly in connection with their welding properties, 
and Mr. De Ganahl has really done us a great favor in 
presenting us this record. 

Mr. C. E. Herrman (E. G. Budd Manufacturing Com- 
pany): I should like to ask Mr. De Ganahl if he uses a 
mechanical timer in conjunction with the clapper switch 
on these loads. 

Mr. C. De GANAHL (Fleetwings, Inc.): We have 
never been able to get any kind of accuracy at all with a 
magnetic timer. We have been forced to use the me- 
chanical timer. 

Mr. HeITMaN: We have tried the mechanical timer 
in conjunction with a clapper switch and find time 
variations we get on a very short interval of time. 

Mr. De GANAHL: We had a lot of trouble with clap- 
per switches at first and found it necessary in our case to 
use two switches, one to make contact and the other to 
break it. We found the bounce in an ordinary clapper 
switch was too great for reliable contact. 

Mr. HeEITMAN: Especially with A. C. current. 

Mr. De GANAHL: You mean using a magnetic con- 
tactor. We don’t use a magnetic contactor. In the 
magnetic contactors the accuracy is of the order of three 
to four cycles. I don’t know whether there are any 
better ones about. 

Mr. Herrman: Of course, that is with alternating 
ati With direct current you probably get better 
results. 

Mr. De GANAHL: We haven't tried the D. C. 

Mr. W. R. Harnswortu (Electrolux Servel Lab.): I 
was very much interested in this sentence which reads: 
“The reason the same area of corrosive metal does not 
occur around a spot weld is because the heating and cool- 
ing are so extremely rapid that the carbon has no time to 
come out of solution.” 

It has been our experience in connection with the 
manufacture of the Electrolux refrigerator while using 
Stainless steel in a dilution flue, that is, a flue extension 
on the boiler where the gases coming through the boiler 
are brought in contact with air and diluted, that we have 
an extremely severe condition as far as corrosion is con- 
cerned. Water condenses out of the flue gases and acids 
are present due to the carbon dioxide and sulphur di- 
oxide in the gas. Using a straight weld, acetylene weld, 
on an 18-8 alloy, always resulted in an area or strip about 
half an inch wide inside the weld which would rust very 

adly in a comparatively short period of time. 

Then we went over to spot welding, not because we 


* Published in April issue of JouRNAL OF THB AMERICAN WELDING Socrery. 


thought we would get away from rusting, but on a cost 
basis, and we were very pleased to note that the rusting 
and corrosion almost entirely cleared up and this ties in 
very nicely with the statement regarding the reason for 
this particular condition. 


Discussion of paper on ‘*Production Welding of 
Light Gage Metal Specialties,”’* by Messrs. W. 
R. Campbell & R. 8S. Taylor, of Servel, Inc., and 
presented by Dr. William R. Hainsworth of the 
New York Laboratory of Servel, Inc. 


Mr. Date Spoor: In the testing of the weld in 
roughly what percentage of units do you find leaks? 

Dr. HAInsworTtH: The unit is tested and leaks re- 
paired before it comes off the line. So when it comes off 
the line there are practically no leaks. In the first test 
50 per cent of the units may have leaks in one or more 
welds. These leaks are then welded and pressure is 
added again and it passes through two or three succes- 
sions of welding and testing. The final job, of course, 
goes out without leaks. 

Mr. Spoor: You mention you tested with a 950- or a 
1000-pound air pressure. Do you find there is any 
danger of hydrogen at about 200 pounds’ pressure leaking 
through a hole that air wouldn't leak through at a thou- 
sand pounds? 

Dr. HartnswortH: No, we found a 1000-pound 
air pressure test quite adequate in protecting against 
hydrogen leaks. It is a strange thing about these very 
small leaks—we studied them to some extent and we 
found in some cases a small leak would seal itself. In 
other cases it would open up. However, hydrogen is 
held in pretty well when the unit is tight to a 1000 
pounds of air. 

CHAIRMAN OBERT: Doctor, may I ask with regard to 
that box; is that removeck when it goes into the re- 
frigerator? 

Dr. HarnswortH: That is just for testing purposes. 
It is a box having a known heat leakage and a known 
quantity of heat is added to the freezing element inside 
that box and with these known quantities if the unit 
will pull the temperature down to a certain point, why 
then the unit must have a certain capacity. 

Mr. Grunow: You don’t give these units a hydro- 
static test before you give them 900 pounds of air, do 
you? 

Dr. HatnswortH: It would be rather difficult to do 
that because it would be hard to clear out all the water 
that is in the system. There are so many turns and smal! 
pockets, it would be almost impossible to remove that 
water before charging and naturally that would throw 
in a considerable irregularity in the charge. The charge 
has to be a certain amount at a certain concentration and 
if water is in the unit before charging the concentration 
would be very much disturbed. 

Mr. Grunow: Do you find any leaks after they get 
into the field due to cooling and heating in service? Any 
trouble in that way? 

Dr. HarnswortuH: It is obvious that with a device 
of this nature made in high production it would be im- 
possible to keep all leaks out; that is, to make the units 
100 per cent tight. We have occasionally a unit which 
gets out with a leak in it and it will show up in the course 
of a month or two. In other words, if there is a leak 
it will come back in a comparatively short time. After 
that the unit will operate indefinitely. 

Mr. E. Waker: Are all units returned to the shop 
for service or do you make them in the field? 


* Paper published in April issue of JourNAL oF THB AMBRICAN WELDING 
Socrery. 
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Dr. HarnswortH: The unit is returned complete to 
the shop for repairs. 

Mr. Grunow: In studies of these leaks, have you 
made an attempt to classify the causes of those leaks— 
a certain percentage due to raw material, defects in the 
tubing, etc.? 

Dr. Haryswortu: That has been studied to a con- 
siderable extent. We do have some leaks occurring be- 
cause the tubing does not come up to certain specifica- 
tions. We try to specify hardness and analysis and con- 
trol it in that way, but in spite of that type of control we 
still occasionally run into difficulties and we find that 
sometimes a leak will occur due to distortion or splitting 
in the galvanizing bath. 

However, our major trouble is in connection with the 
new welders, bringing in a new man and putting him to 
work. He has to start out some time, to weld, of course, 
and during the initial training period he is inclined to be a 
little, not exactly, careless, but he isn’t skillful enough to 
make the weld absolutely tight. 

Mr. Grunow: Are most of the welds on that unit, 
aside from the cabinet itself, butt welds or lap welds? 

Dr. HarnswortH: They are mostly butt welds. 
There are a number of welds, however, where the tube 
actually projects inside the chamber to which it is con- 
nected. This tube, for example, projects in here a little 
way. The pump pipe projects into the boiler a little 
way. There are both types occurring in the unit. 

CHAIRMAN OBERT: One thing that appeals to me, 
Doctor, is that you show a remarkable freedom of com- 
plications with the gas hose hanging from your overhead 
receptacle. On a line production proposition, it would 
be natural to expect a tremendous complication. 

Dr. Harnswortu: Of course, the acetylene and oxy- 
gen are supplied through pipes which are perhaps eight 
feet off the ground and pass along just to one side of the 
conveyor, and the torches are automatic. The operators 
hang the torch up on a little lever controlling the gas 
valves. There is a little pilot light from which to light 
their torches. They seem to be able to manipulate the 
torches and the tubing without any trouble. I myself 
expect, in passing through the plant, to see a lot of these 
fellows getting burned. The operators are just a few 
feet apart and all the tubing apparently very much 
mixed up, but if you study it a little while it seems to be 
quite orderly and there are surprisingly few cases of 
burns. 

Mr. Wacker: In your heat-absorbing capacities 
what factors do you find in manufacturing that will de- 
crease the heat-absorbing capacity of the unit? 

Dr. HAINSwoRTH: Well, that is rather a hard ques- 
tion to answer. Many times we wish we knew the 
answer to that particular question. To get into the 
thecry of the unit a little bit, you will see that certain 
relationships of pipe sizes and resistance to gas flow 
must be maintained and the actual pressure differences 
which you have to work with inside the unit, to cause the 
circulation of the gases or to cause the liquid to circulate, 
are extremely small. The circulation of gas between the 
evaporator and absorber is simply due to the difference 
in weight of a mixture of ammonia and hydrogen which is 
relatively high in ammonia, and the mixture of ammonia 
and hydrogen which is relatively high in hydrogen. The 
difference in weight of these two columns of gas causes 
the gas to circulate. So we must know very definitely 
what the resistance to gas flow is in that circuit. 

The resistance in this particular unit, for example, 
with gas flowing around through the absorber, through 
the exchanger and back through the evaporator, is in the 


‘neighborhood of one-tenth of an inch of water pressure 


and that must be accurately controlled because if the 
gas circulates too fast a lot of hydrogen is heated anq 
cooled unnecessarily and the efficiency drops. If jt 
circulates too slowly enough ammonia to produce the re. 
frigerating capacity cannot be picked up. If we have 
any section where the weld is partially plugged or the 
resistance has been changed, due to some operation jn 
the subassembly, that will affect capacity. Also the 
charging of the unit affects the operation. 

Mr. WALKER: I was wondering if the distortion when 
the heat strain is taken off it in any way affects the opera- 
tion of it—if that lowers the capacity much. 

Dr. HAINSworRTH: Changes in dimensions will lower 
the capacity. There must be a certain relationship be- 
tween the pump pipe delivery point and the liquid level 
in the absorber and the point where the ammonia solution 
is delivered to the absorber, but these are taken care of 
by placing the unit in a final straightening fixture. The 
unit cannot go into the fixture until the relative dimen- 
sions are correct. 

Mr. WALKER: How much do you allow for raising 
and lowering that particular unit in there to affect your 
capacity below what is required? Any particular height 
allowed for that suction in taking off the heat strain? 

Dr. HainswortH: The allowance as far as dimen- 
sions are concerned is fairly small. We hold the ma- 
chine to certain fixed dimensions which must be within 
a thirty-second of an inch in most places. I don’t know 
whether I have your question exactly in mind. Are you 
speaking of dimensions of the various parts? 

Mr. WALKER: Yes. 

Dr. HAINSWoRTH: I would say that in certain places 
the dimensions must be maintained within a thirty- 
second of an inch in order not to affect the operation of the 
unit. This may sound like quite a bit to you in com- 
parison with the limits on a compression type machine, 
where a piston operates in a cylinder, but in view of the 
type of welding construction used these limits are not so 
easy to hold. - 


Discussion of paper on “The Welding of Ex- 
truded Metal,’’* by I. T. Hook, of the American 
Brass Company. 


Mr. Crowe: I would like to ask Mr. Hook if he 
finds it practical to weld sections such as the first section 
he passed around, the complicated section. 

Also another question as to whether he has found the 
neutral flame better than a slightly carburizing flame for 
making such a weld. 

The third question, if I may: If you start with a filler 
metal of the same composition as the parent metal in 
making a weld of a complicated section do you wind up 
with the same color? 

Mr. Hook: In answering the first question, which 
was to the effect as to whether it would be practical to 
weld a section of this sort,t I would say the best method 
of making a weld of that character would be from the 
back. In that case we need not finish off the weld metal 
and we perhaps would not need to close the entire seam. 
If we weld it from the back, the two parts would be drawn 
together so closely that the front could be finished off 
with almost no hairline visible. 

The second question was whether we used a neutral 
flame. I would say that a slightly oxidizing flame 
better than a reducing flame for this reason: The slightly 
oxidizing flame will produce a coating of zinc oxide on the 


* Paper published in April issue of Journat or THE AMERICAN \\ °LDING 
Socrery. 


+ A 6-in. wide extruded shape having a very irregular right sectio" The 
shape was brought in for illustrative purposes. 
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molten metal and thereby protect it from further oxida- 
tion. That sounds paradoxical but it is true and you will 
find that such a condition will work. 

However, we do not advocate the use of an oxidizing 
flame as a rule. It is somewhat dangerous practice for 
the average welder. He is used to the neutral flame and 
we may as well let him use it. We get very nearly the 
same condition if we keep the weld metal at least three- 
eighths to a half-inch in front of the white cone of the 
torch, because while one might say that we have in that 
outer envelope hydrogen, water vapor, carbon monoxide 
and carbon dioxide, all of which are more or less neutral, 
nevertheless when these gases are presented to hot metal 
the effect is slightly oxidizing because the water vapor 
will be reduced and probably the carbon dioxide will also 
be reduced and there may a little oxygen from the air 
swoop in; so that one does get a slightly oxidizing con- 
dition. Itis very mild but that is what it is. 

A fusion weld carefully done will give exactly the same 
color as that in the base metal. We had a sample come 
in from the Midwest just a week or two ago in which the 
weld metal had a distinct greenish cast and quite differ- 
ent in color from the base metal. The base metal was 
this material, Extruded Architectural Bronze, and the 
company that sent it in registered a complaint saying 
that the weld metal which we recommended did not 
match in color the base metal. We took some of the 
same weld metal which we had recommended, deposited 
it on the base metal which was sent in and attained an 
exact color match. 

What had happened? The welder in laying down his 
weld metal had burned out some of the zinc, possibly 
as much as two to four per cent of the zinc, so that his 
weld metal was that much less in zinc than the base 
metal and when we have zinc of the order of 42 per cent 
or thereabouts, the color changes rather rapidly with 
small changes in zinc. We can get a reddish blush of 
copper on the yellow bronze with just a change of one or 
two per cent in the copper content, and therefore the 
zinc content, and we can get a different shade of yellow by 
the addition of slightly more zinc. 

Mr. A. K. SEEMANN (Linde Air Products Company): 
The welding of extruded bronze has occupied the atten- 
tion of many during the past several years, but uniformly 
good results are not obtainable without some knowledge 
of the alloys and their characteristics. The modern 
architectural trend toward the liberal use of the extruded 
bronzes and white metals has created a demand for 
modern joinery as exemplified by welding, and Mr. 
Hook's paper, therefore, is of especial value at this time. 
Because the fundamentals are adequately presented, any 
discussion must necessarily confine itself to the enlarge- 
ment of certain features. 

Our field experiences have for the most part centered 
on the high zine, leaded brasses, such as Anaconda Archi- 
tectural Bronze. We found that neutral flame welding 
was not entirely satisfactory because of the tendency to 
form blowholes which showed up only too plainly on the 
dressed and polished surface. 

Our laboratories studied the problem and found that a 
tecinique which had for its most important feature a 
heavy oxidizing flame gave very satisfactory results. 
The oxidizing flame accelerates the formation of zinc ox- 
id which acts as a protective coating during welding. 
M: Hook has mentioned this characteristic as follows: 

_ | he zine oxide if allowed to form on the surface of the 
mol‘en metal will in a large measure protect it from fur- 
ther oxidation until the weld metal becomes overheated.” 
Anc in an earlier paragraph advises, ‘““The oxide coating 


poe be given greater consideration by the welder than 
it has,” 
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It is not sufficient, however, to merely use an oxidizing 
flame of certain adjustment because the zinc oxide 
formed will become sufficiently heated to volatilize and 
thus be driven from the metal in substantial quantities. 

Of importance are the flux, rod, tip size and blowpipe 
manipulation. Each of these factors will now be en- 
larged upon. 

Flame Adjustment.—First, adjust to neutral, then re- 
duce the acetylene supply and it will be noticed that the 
flame at first shortens gradually. As the acetylene is 
further reduced the flame increases in length but loses 
most of its luminosity. This is the required flame. 

Flux.—It is necessary to use a good flux which will 
melt and remain molten during the entire welding opera- 
tion. We have found it advisable to apply flux to the 
upper and under surfaces to be welded as well as the 
filler rod. 

Welding Rod.—No great trouble has been experienced 
in obtaining a good color match, although it has been 
necessary at times to use strips of the parent metal as 
filler rod. 

Tip Size.—The oxidizing flame has a much lower 
flame temperature than a neutral flame and it is there- 
fore necessary to use a larger tip size. It has been found 
that a tip two sizes larger than that used for neutral 
flame welding makes up for the heat deficiency of the 
oxidizing flame. 

Blowpipe Manipulation.—In general use the conven- 
tional technique employed in welding steel. The flame 
should be held quite close to the metal, care being exer- 
cised to prevent overheating. Boiling may be caused 
either by overheating or by a flame not sufficiently oxi- 
dizing. Decreasing the acetylene supply will usually 
correct this condition. 

Where introduced this method has produced sound 
dense welds of good strength and color match. Usually 
the weld is not distinguishdble when polished. Nickel 
silver when welded by this method has also proved 
entirely satisfactory. 

Mr. E. Vom Sresc, Jr. (General Electric Co.): I 
would like to ask a question. Has any experimenting 
been done using electro-brazing equipment on this ex- 
truded metal? 

Mr. Hook: I don’t believe so. Perhaps some one 
has tried it but if they have I didn’t know about it. We 
haven’t had a transformer that we could use for that 
purpose and so we have never tried it ourselves. | 
don’t see why it couldn’t be done, however. 

Mr. Crowe: Mr. Chairman, will Mr. Vom Steeg ex- 
plain what he means by electro-brazing process? 

Mr. Vom Stegrc: That is the resistance method 
where the low-voltage secondary of the transformer is 
used to heat a pair of carbon blocks between which the 
metal is placed and heated in that manner by contact 
using the ordinary silver solders and fluxes between the 
pieces to be joined. 


FRIDAY MORNING SESSION 


J. J. Crowe, Director, American Welding Society, 
Presiding 


Discussion on Paper ‘“‘Machine Gas Welding,’’* 
by J. L. Anderson, Air Reduction Company. 


Mr. E. A. Doyie (Linde Air Products Co.): What is 
the average comparison of speed in hand welding to 
machine welding? 


* Paper published in June issue of JouRNAL oF THE AMERICAN WELDING 
Socrery. 
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Mr. ANDERSON: On a given thickness of metal 
I think it is reasonable to say that the ratio between 
the hand-welding speed and the machine-welding speed 
may be 20 to one or greater with the present-day ex- 
perience in machine welding. That doesn’t hold with 
all kinds of welding, but in the case of a straight seam 
weld that is a conservative figure. 

Mr. Dove: That applies to the light gage materials. 

Mr. ANDERSON: Material we will say up to three- 
sixteenths of an inch in thickness. 

CHAIRMAN CROWE: I wonder if Mr. Anderson could 
give some idea of what speeds are being obtained by 
mechanical welding—just a few examples. 

Mr. ANDERSON: In the lighter gages, for instance, 
we will take 16-gage material, which is the thickness 
generally encountered in machine welding, speeds up to 
20 or more feet per minute are quite common in machine 
gas welding. In lighter thicknesses, even greater 
speeds. Twenty gage, 26 or 30 feet a minute is being 
carried on in production. In heavier gages under some- 
what special conditions we will say, for instance, in 10- 
gage material speeds up to 36 feet a minute are being 
obtained by the utilization of supplementary heat for 
preheating. In the case, 10-gage material without 
preheating, without any effort to conserve oxygen and 
acetylene, welding speeds of 10 feet a minute are being 
obtained. I am speaking about welds which have the 
full strength of the parent material. There is one 
operation going on at the present time on 16-, 14- and 12- 
gage material where the weld strength is extremely 
high, fiber stresses of 90,000 pounds per square inch 
being quite common. 

Mr. Hopart: May I ask Mr. Anderson what the 
object of preheating was, was it to increase the speed? 

Mr. ANDERSON: The object of preheating is to in- 
crease the speed and to reduce the cost of the operation 
by conserving the oxygen and acetylene used in the 
welding operation. In other words, it is possible with 
the utilization of supplementary heating at a cost which 
will average around 40 cents an hour to weld five times 
as fast with a given quantity of oxygen and acetylene, 
making the welding operation therefore extremely 
economical. 

Mr. Doyue: I should like to ask one more question. 
In mechanical welding of gages, say, from 12 to 20, 
which we were discussing just now, is it not customary 
to weld them without the addition of filler metal, simply 
by butting the edges together? 

Mr. ANDERSON: That is true in the case of a formed 
material. In other words, material that is not just 
flat sheets. In the case of flat-sheet welding, it is done 
both ways—by simply fusing the edges together and 
by adding material. The higher speed, of course, is 
obtained by welding without adding material and that 
operation is always carried on in conjunction with a 
certain amount of mechanical pressure in order to force 
the edges together and work the plastic metal. 

Under those conditions it is possible to apply much 
greater quantities of heat than can be applied in an 
ordinary seam-welding operation. 

When I speak of greater quantities of heat, I mean 
four or five times as much heat, or, in other words, 
burning four or five times as much oxygen and acetylene 
per hour as is possible with the ordinary welding opera- 
tion where a mechanical pressure is not employed to 
force the edges together. 

Mr. J. Gescuetry (Automotive Industries): I 
don’t know very much about machine gas welding and I 
was wondering what its applications are, if any, in the 
automotive industry and to what extent it has been used; 


on what kind of parts it might be used and what jt; 
potentialities might be. 

Mr. ANDERSON: Perhaps the greatest application oj 
machine gas welding today is in the production of 
tubing for automotive purposes. There is hardly ap 
automobile made today that doesn’t employ gas-welded 
tubing in some form. That may mean a chassis or jt 
may be in connection with the engine or any one of a 
great number of different uses. Perhaps the most 
striking example of the use of a gas-welded tube is in the 
present-day drive shaft between the engine and the 
rear wheels. Perhaps the greatest proportion of auto- 
mobiles made this year will be driven by gas-welded 
tubular drive shafts. 

There you have a machine-made weld which has to 
stand not only ordinary driving stresses but stresses 
that the green driver puts upon it by letting in his 
clutch as the engine races repeatedly without failure, 
and the gas-welded tubing made for that purpose is a 
very high grade tube, a very high strength tube. In 
fact that was the part to which I referred when | said 
that fiber stresses up to 90,000 pounds per square inch 
were being developed in the weld. 

Machine welding does not lend itself to every type of 
product used in automotive industry because of the great 
cost for jigs and fixtures and a great many parts are 
made by hand welding that could be made by machine 
welding very satisfactorily and more economically if the 
first cost were not so great. As a rule manufacturers 
are not yet alive to the point where they are willing to 
consider machine gas welding on the same plane that 
some other production methods are considered. 

The advantage of the machine gas weld is great 
strength, ductility, largely brought about by the plastic 
working of the metal, and that is accomplished partly by 
taking advantage of the expansion of the metal in the 
seam edges which are mechanically forced together. 
The movement of the metal can be controlled by the 
application of heat to such an extent that a considerable 
upset is secured without any mechanical movement of 
the metal. 

Perhaps I might explain it this way: While it is 
possible to control the movement of the edges in the 
ordinary heat application by correct design of the 
holding members, it is also possible to exert a con- 
siderable edge pressure by the application of the flame 
in such a way that controlled expansion over a con- 
siderable area is produced that will take the place of 
mechanical movement when mechanical movement 
may be impossible. 

Pror. C. D. Jensen (Lehigh University): I have 
question I would like to ask and that is to find out 
whether or not you are making pressure tanks under 
the new specifications of the Boiler Code Committee of 
the American Society of Mechanical Engineers. They 
have rather rigid requirements and I am curious to know 
whether or not your automatic process has been per 
fected to such an extent that you can fulfil the require- 
ments. 

Mr. ANDERSON: My idea of that type of weld made 
for that purpose would be a weld which was not heavily 
reinforced and therefore might have a sufficient duc- 
tility to meet the requirements. Our experience with the 
gas weld is that almost any desired result can be attained 
if the set-up is right for it. That has been shown, we 
will say, in automotive work where very special efforts 
were made to accomplish results which produced a weld 
and a product which was uniform throughout the entre 
circumference of the cylinder. 
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Again I say I don’t know of any concern that has as 
yet attempted to weld tanks under those specifications. 
" CHarrMAN Crowe: If there are no other questions 
we will proceed to the third paper of the morning session. 


Discussion of paper on ‘‘Pipe Welding for a High 
Pressure Steam Power Plant,’’* by E. B. 
Severs and W. P. Gavit of the United Engi- 
neers and Constructors, Inc. 


Mr. T. W. Greene (Linde Air Products Co.): 
In regard to the question raised of ferrules to be used on 
the inside of pipe, mentioned in the A. S. A. Pressure 
Piping Code, these were referred. to in the Code pri- 
marily to permit their use to assure penetration to the 
bottom of the joint for long gas lines. To my knowledge 
I do not believe ferrules have been used in power lines. 

As Mr. Gavit pointed out, penetration to the bottom 
of this thick wall pipe was assured by carefully going 
around with the first bead before building up the weld 
in making the joint. 

One factor that I do not believe is generally appre- 
ciated is the importance of this installation. I would 
like to take this opportunity to express to Mr. Gavit 
and his company congratulations on their resourceful- 
ness and their pioneering in this important installation. 
This installation, combining extremely high tempera- 
tures and pressures, is probably the outstanding one in 
the world today. I know of only one power plant where 
higher temperatures are used, although I may be mis- 
taken on this subject. The Detroit Edison Company 
has welded an experimental superheated steam plant 
operating at 1000” F., but the operating pressure at 
this temperature is around 400 Ib. at the most. For the 
installation described by Mr. Gavit, there are not only ex- 
tremely high temperatures but there is also the combina- 
tion of very high pressures. This installation is of such a 
pioneering nature, requiring such heavy pipe, that it 
was necessary to secure this pipe from Germany. There 
is no one prepared for fabrication of pipe of this kind in 
this country. 

Under these unusual conditions of temperature and 
pressure, I believe, personally, I would have used straps 
as we do not have as complete information as desirable 
in regard to strengths and behavior of welds under stress 
at these high temperatures. From a mathematical 
analysis, however, I believe it will be found that the 
straps are decidedly excessive in size but, as Mr. Gavit 
pointed out, he probably would not use them again. 
Theoretically, the straps reduce the stresses in the 
welds in that they increase both the cross sectional area 
and moment of inertia at the joint, but it is rather feared 
that under operating conditions when the straps are as 
large as used in this installation they may increase the 
stresses. The actual tension stresses on the butt weld 
will be reduced under pressure but the stresses in the 
fillet welds joining the straps to the pipe will be increased 
due to the temperature differential between the inside of 
the pipe and the outside surface of the straps. 

! do not know the exact experimental values, but it is 
my understanding that with flanges, where used for con- 
nections to valves and other equipment, there may be a 
temperature differential from the inside surface of the 
Pipe, which in this case is about 850° F., of 300° to 400°. 
In other words, there is a large temperature differential 
between the inside and outside area of the flange and it is 
because of this temperature differential that enormous 
forces are imposed on the flanged joint and I do not be- 
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lieve there is any flange joint that will hold up satisfac- 
torily year in and year out. Engineers and fabricators 
have gone to extreme expense in trying to utilize flanged 
joints, resorting to metal to metal contact, as well as the 
Sargo joint in which strength is relied upon by bolting 
and sealed through welding. Eventually, under these 
high stresses resulting from differential temperature, the 
bolts creep under long-time loading, throwing the stresses 
on the small seal weld which, of course, breaks the seal 
and causes leakage. It is because of the inability of the 
commonly used joints, as Van Stone, to give satisfactory 
service under these high temperatures that welding is of 
necessity being resorted to and no doubt will accelerate 
the adoption of welding to the lower temperature and 
pressure services. 

EpWARD WALKER (State of New Jersey Department of 
Labor): I would like to ask why all the welding done on 
the pipe in the shop was by electric arc welding process 
and when the pipe got into the field all the welding done 
there was by gas welding process? Why was this? 

Mr. Vom Steec: I don’t know whether this is a posi- 
tive answer to the question, but these high pressure 
welds were no doubt all made with a heavily coated elec- 
trode and they can only at the present time be used satis- 
factorily in a downhand position. A lot of these position 
welds were made either horizontal or vertical and there 
is always danger of undercutting one edge with these 
heavily coated electrodes in these positions. That is 
probably why gas welding was resorted to for the position 
welds. 

We hope in the near future to have satisfactory elec- 
trodes that can be used in those positions. In fact, 
there is a lot of work being done on them at the present 
time. 

CHAIRMAN Crowe: I think that answers the ques- 
tion. One is a position weld and the other is a weld that 
rotates. I wonder if Dr. Jacobus could answer that 
question. Do you have any particular preference as 
to the use of ferrules or the non-use of ferrules in piping 
used for pressure work? 

Dr. D.S. Jacosus (The Babcock & Wilcox Company): 
The question of what method will eventually be used for 
connecting pipes in power plants is very much in the air. 
There are some who still do not wish to trust welding 
with the idea that if a single weld in 10,000 should fail it 
might be in their particular plant in some place that 
might lead to injury. The fact is, however, that more 
and more dependence is being put on the use of fusion 
welding and a number of us believe that eventually sta 
tion piping will be welded throughout. In the transition 
period various ways have been suggested for a second 
line of defense, so to speak, in case a circumferential 
weld should fail. 

You ask about placing ferrules at the circumferential 
joints. This has been suggested with the idea of assisting 
in withstanding the weaving action due to cross-strains. 
There have been a number of ideas on how ferrules or 
other constructions might be applied for reinforcing the 
joints and it would be hard to say whether there would 
be very much gained over the use of an unreinforced 
weld. 

As I have said many of us believe that the time is 
coming when piping will be connected by welding 
throughout, especially for high pressures and high tem- 
peratures where there is apt to be difficulty with the 
present form of flanged fittings. Steam is now used at 
850° to 900° F. temperature and working pressures have 
increased to the neighborhood of 1400 lb. per sq. in. Ex- 
periments have been made with independently fired 
superheaters operating at 1100° F. It is difficult to 
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design flanged fittings which will satisfactorily meet all 
conditions and with the great advance that has been 
made in the art of fusion welding it would seem that it 
should come into use for conditions of the sort. Na- 
turally, care should be taken to secure ductile welds and 
to guard against grain growth in the metal near the 
welds, and to properly relieve strains caused by the 
welding. 

CHAIRMAN CROWE: It appears, Dr. Jacobus, if we 


are going up to 1100° F. operating temperature, we might. 


dispense with the annealing on these pressure joints. 

Dr. Jacosus: There are different views as to the best 
way of relieving the stresses. Local stress relief is gen- 
erally resorted to. Answering your question, where 
piping is to be used up to 1100° F. operating temperature 
the strains due to the welding would be relieved at this 
temperature; safe practice, however, would call for stress 
relieving before using the piping under pressure. 

Mr. Vom Sterc: In answer to the question about the 
restriction of flow in a pipe by the use of chill rings, as 
they are called, in welding. If we want to get a weld 
down to the root without the use of a chill ring we either 
get ‘“‘icicles’’ or we get the equivalent to a reinforcing 
bead. Either one of these offers a certain amount of re- 
striction to flow. There are a number of different types 
of chill rings on the market at the present time, and one 
that seems to be meeting with a considerable amount of 
favor is made of either rolled or pressed stock and tapered 
down to either side from the center to almost a knife edge. 
There are projections pressed around the periphery in the 
center of the ring to properly separate the pipe at the 
joint and also to assist in lining it up. In some cases this 
projection goes all the way around the ring, particularly 
in the heavier sizes. There is just a question whether 
these chill rings will offer any greater restriction to the 
flow through the pipe than the “‘icicles’”’ or reinforcing 
bead when they are not used. 

As we are coming more and more to class 1 boiler code 
welding where the heavily coated electrodes are used, it is 
almost impossible to make a weld and get thorough pene- 
tration with these electrodes on account of the large pool 
of molten metal without the use of a chill ring, and the 
use of the chill ring is becoming more common for that 
reason. 

I think the objections that have been raised to chill 
rings in the past were that they were too thick and 
heavy. The tendency at the present time is to make 
them of comparatively thin material. 

There has been advanced another type of chill ring, 
which also has the raised projection in the center, to be 
used in connection with pipe that has been flared out at 
the ends to accommodate the extra stock of the ring, 
and thereby offering no restriction to flow. This, of 
course, is going to make the piping more costly on ac- 
count of this flaring, and the chill rings in this case are 
drop forged, also adding to the cost of the installation. 

This may answer some of the questions raised by Mr. 
Horgan as to whether a chill ring should or should not be 
used. 

CHAIRMAN CROWE: This last would only lend itself 
to full length pipe fabrication. 

Mr. Vom Steec: These chill rings can be used on 
either straight runs or in connection with turns of the 
“Tube Turn” type as they are now making chill rings 
that are flared out at one end so as to accommodate a 
turn on its inside radius. 

Mr. GREENE: The Pressure Piping Code now under 
formulation by the A. S. A. has incorporated a for- 
mula for wall thickness which is the first official recog- 
nition differentiating welding from screw joints. This 
formula is for inspection purposes to determine the mini- 


mum wall thickness which, of course, influences design. 
The thickness / is determined by the usual Barlow 


formula oe where P is pressure and D is outside diam. 


eter. Sis the design stress value which varies for differ. 
ent materials. Seamless, of course, has the highest rating 
with fusion, lap-welded and butt-welded pipe being given 
a lower value. To the above formula is added a cop. 
stant ‘‘C.’’ The value of ‘‘C”’ will vary for different ser- 
vices but tentatively it is established as 0.05” where the 
pipe is plain end, welded or Van Stone. For threaded 
joints the added constant C must be the depth of the 
thread, which for the ordinary run of pipe is about ().| in. 
The formula, therefore, sets up a differential between 
plain end pipe and threaded pipe. 

Of course, to the classification of welded joints in plain 
end pipe must be included all types of joints where the 
metal is not removed when making the joint. I think it 
is interesting to know there is a timely recognition of the 
merits of welding in differentiating between welded and 
threaded pipe, particularly in these days where economy 
is so essential. 

Mr. P. W. Swarn (McGraw-Hill Pub. Co:): I would 
like to ask Mr. Greene a question. In piping which is to 
be used for steam at, say, 10 pounds’ pressure, you 
wouldn't put 10 in for d in the formula, but would use 
some higher value. Use of the actual working pressure 
in the formula would give very thin pipe. There is a 
great deal of pipe used for such pressures. What is the 
actual pressure this pipe is designed for? 

Mr. GREENE: There must, of course, be a minimum 
thickness. 

Dr. Jacosus: I would like to ask Mr. Greene why he 
says that the constant in the formula for the pipe thick- 
ness should be the depth of the thread for threaded pipe. 
On a number of occasions the Boiler Code Committee 
has made it plain that the constant in the formula pub- 
lished in the A. S. M. E. Code was not based on the 
depth of the thread. It so happened that the constant in 
the formula of 0.1 inch represented the depth of the 
thread for the larger sizes of threaded pipe, but the 
formula was not made up on this. basis. 

In making up the formula the thickness called for was 
intended to take care of cross-strains and a certain 
amount of corrosion, and was considered to be suitable 
for the use of either Van Stone joints or threaded joints. 

The bursting strength of threaded piping is not ordi- 
narily reduced by the threading on account of the re- 
inforcement of the threaded ends by the fittings to which 
the pipe is connected. 

The A. S. M. E. formula allows something for corro- 
sion, but not a definite amount. It has been shown that 
a threaded pipe is affected more by corrosion at the 
threaded ends than one with Van Stone joints. There 
may, therefore, be an advantage in departing from the 
use of threaded pipe in certain cases. 

The thickness of the pipe was considered to be that 
adapted for resisting the pressure combined with stresses 
due to cross-bending and to the weight of attached 
piping, etc. The amount of corrosion that could be ~ 
allowed for was not specified in bringing out the formula. 

Mr. Greene: In regard to the application o! the 
formula for low pressure where the value ¢ would be \ ery 
small, the minimum thickness is determined by using |00 
Ib. as the pressure in the formula. In the formula tre 
must be added the factor of C which is added for e'r0- 
sion, I imagine, among other things. It does not ¢:\« 4 
full differential between the minimum theoretical t!:ck- 
ness for strength of the plain end pipe as compared \'th 
metal removed in threading, but only about one-ha!'. 


CONCERNING CRATER FORMATION 


Concerning Crater 
Formation 


By PROF. GILBERT E. DOAN 


+Professor Gilbert E. Doan is Associate Professor of 
Metallurgy, Lehigh University. This paper is a contribu- 
tion to the work of the Fundamental Committee 
of the American Bureau of Welding. 


FEATURE of the liquid stage which is continu- 
ously present during the are welding operation, 
and one that is of interest, is the phenomenon of 

crater formation. Why does a crater or pocket, lined 
with liquid metal, form beneath the electrode, as shown 
in Fig. 1? Partly, this crater is due to the pressure of a 
gas or electron stream that seems to originate at the 
electrode tip and to flow toward the crater and blow the 
liquid metal outward from the center of the molten pud- 
dle toward its edges. Measurements of the pressure of 
this stream have been made by Donath, in Berlin, and 
by P. P. Alexander’ at West Lynn. Similar measure- 
ments have been undertaken by other investigators.* 
But the pressure of this ‘‘gas stream’’ is not the only 
force which acts to form the crater, as the following de- 
scription will show. 

Roentgen,** in investigating the effect of vapors upon 
the surface tension of liquids, placed an ordinary-sized 
funnel, in which lay a sponge soaked in ether, vertically 
above a smooth, carefully purified water surface, so that 
the lower end of the funnel tube almost touched the 
surface of the water (see Fig. 2). The ether vapor, being 


“The Calorimetric Study of the Arc,” Transactions 
2 J. Kelleher, Transactions American Electrochem Soc., XXXVIII, 1920. 
Duffield, Burnham and Davis, aman of the Royal Soc., 97, 1920. R. 
Tanberg, Physical Review, 35, 19 
Roentgen, ied. Ann., 152 (1892). 
‘G. Bakker, Kapillaritat und ‘Oberfléchenspannung, Handbuch der Experi- 
mental Physik, Leipzig, 1928. 


heavier than air, descended through the tube of the funnel 
to the water and dissolved in the water surface. This 
solution of ether vapor in the water surface caused a de- 
pression or crater in the water surface whose deepest 
point was directly under the axis of the funnel tube, 
where the ether was most concentrated. The ether had 
lowered the surface tension of the water, and had lowered 
it most where the concentration of ether was greatest, 
that is, at the point directly under the middle of the 
funnel tube. In this water crater concentric circular 
waves formed continually and moved outward to the 
edges of the crater, similar to the ripples shown in the 
solidified welding crater of Fig. 1. If a trace of oil is 
introduced onto the surface of the water, the following 
effects are observed: The waves disappear, while the 
depression or crater remains; instead of the waves, 
there appears a ring-shaped surface of sharp boundaries, 
somewhat raised above the level of the crater. The 
water seems motionless, but in reality is not, for if a 
light object is thrown into the center of the crater, it 
will move rapidly outward td the edges of the crater in a 
centrifugal direction. If the funnel is removed, the 
crater closes and disappears. The diameter of the ring- 
shaped surface depends on the amount of oil introduced. 
The more oil, the smaller the ring. If a large enough 
quantity of oil is used, the central crater alone remains. 
The quantities of oil which are necessary to produce 
the ring-shaped surface and to cause decrease in its 
diameter are extremely minute. The oil layers thus 
produced are far too thin to show the interference colors 
commonly seen in oil films. What has happened is that 
as soon as the solution of ether below the funnel tube 
is sufficiently concentrated, the surface tension of the 
water decreases at that point and the equilibrium of 
the water surface is upset, resulting in the radial flow 
of the water away from the point beneath the funnel. 
This radial flow lays bare a clean water surface. This 
accounts for the return of the oil film, etc. 

Another simple demonstration of the effect of vapor 
upon a water surface may be made in the following way: 
A cylindrical piece of charcoal is soaked in ether and 
then covered with paraffin, except for one end of the 
cylinder which is left uncoated. The ether can vaporize 
from this open end only. Now, if the piece of charcoal 
is placed on the surface of the water, it will dart about 
rapidly for a long time, with the uncoated end of the 
cylinder to the rear. The surface tension of the water 
is greater at the front end of the piece of charcoal than 
it is behind where the ether vapor has lowered the sur- 
face tension. 

Roentgen’s simple experiment with the funnel utilizes 
conditions quite similar to those in the crater of an elec- 
tric welding arc, although this may not at first seem ob- 
vious. As shown in Fig. 1, the deepest part of Roent- 
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gen’s crater is immediately beneath the center of the 
funnel, that is, at the point where the concentration of 
ether vapor is the greatest and, therefore, at the point 
where the surface tension of the water has been lowered 
most. This is exactly the condition at the center of the 
are welding crater, shown in Fig. 1, except that in the 
case of the welding crater the lowering of the surface 
tension of the liquid (iron) has been produced by raising 
its temperature higher at the center of the crater, than 
at its edges, while in Roentgen’s experiment it was pro- 
duced by dissolving in the liquid (water) some foreign 
vapor. Eoetvoes has shown that the surface tension of 
liquids decreases as the temperature rises. It is zero at 
the critical temperature. If the center of the welding 
crater is the hottest region in the crater, and there can be 
no reasonable doubt that this is the case, then the center 
of the crater must also be the region of lowest surface 
tension of the liquid iron, and therefore, as in Roentgen’s 
funnel experiment, the region of greatest depression. 


Abstract of Paper on 
Oxyacetylene Welding 


in Production 
By H. O. T. RIDLON 


+This paper was presented at the March 4th meeting of 
the Chtes Section of the American Welding Society, 
by H. 

photographs and information in regard to them were 
supplied te H. A. Goodwin of the Bastian Blessing Com- 
pany. 


. Ridlon of Barrett Hardware Company. The 


HERE are three principal factors in connection with 
production welding and cutting. They are (1) 
proper use of equipment, (2) production methods 

and use of jigs, (3) the operator or the human element. 


Even the concentric circular waves which Roentgen 
saw are reproduced in the weld crater, shown in Fig. 2, 
where they have frozen upon reaching the colder edges of 
the crater. The radial flow of superheated molten iron 
(low surface tension) away from the center of the crater 
lays bare the cooler metal of higher surface tension which 
was beneath it. The depression at the center and the 
radial flow are, therefore, continuous. The roughness 
observed at the bottom of the crater in Fig. 1 is no doubt 
due to escape of dissolved gases during solidification after 
extinction of the arc. 

It is repeated here again that the pressure effect origi- 
nating at the cathode does account in part for the forma- 
tion of the welding crater, but that even if this pressure 
were entirely absent, a crater of this same kind would 
form as a result of the temperature gradient in the pool 
of liquid metal. The significance of this interpretation 
of the welding crater, founded on Roentgen’s experi- 
ments with a water surface, is obvious. 


Proper Equipment 


According to figures with which most of you may be 
familiar, the last census available for 1929 on the con- 
sumption of oxygen and acetylene through welding 
equipment shows that in 1929 there were consumed 3 
billion feet of oxygen and nearly | billion cubic feet of 
acetylene. 

The manufacturers of acetylene and welding equip- 
ment have made very rapid strides in the past few years, 
in the development of torches. One says or describes a 
welding torch as merely a couple of valves—tubes—mix- 
ing chamber—handle—tip, etc., that’s all a welding 
torch is—simple, isn’t it? But, because of the tremen- 
dous speed of flame propagation, 330 ft. a second, these 
simple elements must be combined accurately, scientifi- 
cally and with master craftsmanship. Your old equip- 
ment, whether it is a torch, a regulator or a hose, cannot 
give you the efficiency you demand for any type of weld- 
ing any more than a car of 10, 12 or 25 years’ vintage can 
give you the economical, dependable service that you 
demand. 

Modern science and engineering skill have developed 
torches which are adaptable to every kind of work to be 


Fig. 1—Production weldi 
Shelby tubing headers on 


of risers to 
eat exchanger 
coils of refrigerating units. ese units 
are for use with sulphur-dioxide, methyl- 
chloride and ammonia gas and vary in 
length up to 30 ft. Vertical, overhead and 
position welding is required. The finished 
unit is tested to pressures up to as high as 
1500 lb. per sq. im. There are anywhere 

from 10 to 50 welds per unit. 


this time). 


Fig. 2—Production silver-soldering opera- 
tion in the manufacture of high pressure 
brass fittings. Unit production—18 d ind 
Operator sets up his own work (included in 

These fittings are for cont 
ling high pressure gases and are tested to 
2300 Ib. per sq. in. By the use of high 
speed mass production weldin 
uction costs have 
has been reduced to less than one 


Fig. 3—Production manufacture of duc'* 
for conveying high temperature air ‘° 
trial baking equipment. The manu- 
facturer has neglected to employ Jigs. The 
result is slower production rates and great! 
i loss of time for aligning the wor! 
preparatory to welding. 


equipment 
been lowered and 


tenth of 1 per cent. 
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en which would have been derived from the installation of 
2, proper equipment. 
: Jigs and Their Proper Use 
er The aircraft industry has been the leader, and main- 
ch tained the lead in the use of jigs; they have given it no 
he end of thought—study—and serious consideration 
SS because welding, if properly done, is the correct method 
bt of fabricating the steel construction of aircraft; the 
er aircraft industry, though in reality being older than the 
welding industry, is still in its infancy and many people 
zi- consider it unsafe—-we won't discuss that—but the air- 
a- craft industry demands, because of its own hope for 
re development, that its metal parts be fabricated correctly 
Id and any improvement it can discover is adopted by it 
vol regardless of cost. 
on In the majority of aircraft factories, they have what is 
n- known as the production line—or the bench line—which 
employs anywhere from a few to many welders. Directly 
back of this line usually are stationed the bench me- 
; : chanics, who fit and set up into the jigs the various parts 
bee wale “Wess to be used in the of these are usu- 
Selding. Ales that It le plosed ally termed ‘“‘fittings.”’ In most aircraft work, there is a 
in a position convenient to the operator, right and a left hand fitting to every ship. Result—a 
of right and left jig. As these fittings are put into these 
be jigs, the bench man places them on the operator's table; 
m- done; you cannot possibly do correctly light aircraft the operator then tacks them in a designated number 
ng work with some heavy duty outfit any more than youcan Of Places. This tacker is ‘usually a welder who has 
3 perform heavy work with an aircraft torch. Also, on possibly not had excessive aircraft experience and is not 
of production work a heavy, cumbersome torch slows up the @ master aircraft welder, for aircraft welding is an art in 
operator, tires him unnecessarily with its weight and itself. Then the part is removed by the bench mechanic 
ip- improper functioning, therefore it is vitally important 40d is passed down the line to the master aircraft welder, 
rs, that in production work the operator be supplied with a who completes the weld. ci ee ‘ 
5a torch designed for the job he is doing. To tell you how to construct jigs is a rather difficult 
ix- The regulators on an outfit are the heart of the outfit and possibly foolish thing for me to attempt, because 
ng itseli—and unless they are modern, up-to-date regulators, the basic principles are the same with slight varia- 
n- kept always in good repair, they can’t possibly deliver tions. The jig should be désigned for the work which is 
“Se the constant torch pressure you demand because of the to be done—but be sure when you consider making jigs 
fi- variable tank pressure. that you consider all angles. The little extra time spent 
p- At one time I was working on a production job with im designing and engineering that jig correctly will more 
jot three other men, and requested permission of the welding than pay for itself. lfy ou are doing produc tion welding ’ 
\d- foreman, who happened to be a machinist, to bring into the most important thing to be taken into consideration 
an the factory my own light aircraft torch which was particu- 'S speed and assurance of good welds, providing, of 
ou larly adapted to the work we were doing at thattime. It Course, you have good operators. The next thing to be 
happened to be a government job. The other operators considered, or possibly before the jig itself, is to be sure 
ed were using shop equipment and found difficulty in that the operator can work continually in a comfortable 
be making $7 a day for 13'/, hours’ work; I had no difficulty  position—that he does not have to be cramped—that he 


in making $11 and $12aday withmytorch. The govern- 
ment had an inspector on the job and I dare say an esti- 
mate of 5% of the work the other men turned out were 
rejects; I had no rejects in those two weeks, and we 
turned out 10,000 pieces among the four of us. It is a 
matter of simple mathematics to figure the economy 


has freedom of his muscular control, for he is working 
always under physical tension. 


Operators 


In the construction of the fuselage, two master aircraft 
welders work on each fuselage—one on each side. In the 


Fig. 5—Production brazing of the diaphragm plate and drive shaft for a benzine 
bellows or sylphon-type heat regulating device. These small units are made of 
steel and are subject to a direct load of 250 pounds. On tensile test the drive shaft 


itself breaks with no distress to the brazed joint, at a direct load of 1620 pounds or 
34.950 pounds per square inch tensile strength. Production rate 300 per hour. This 
's « case of redesign engineering whereby the manufacturer has eliminated five 
distinct operations in the manufacture of this unit. In previous mode of assembly 
't was necessary to notch the drive shaft, perforate the diaphragm, rivet the shaft 
into the diaphragm, maintain perfect alignment of the riveted parts before brazing 
_ aod to store lots of as high as 15,000 pieces before operating the brazing furnace. 
By proper redesign, by utilization of mass production welding equipment, suitable 
J'cs. the manufacturer released valuable floor space, improved the quality of his 
article, eliminated leakers, mis-aligned parts and made it ible to produce in 
quantity lots 50 units at as low a unit cost as it was formerly necessary to produce 
‘» quantity lots 15,000 units. The helper loads and unloads the jig. The welder, 
on the left, does nothing but braze the part. 
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aircraft factories, piece-rate was once adopted, but very 
soon abandoned, because it was found more advisable to 
instruct the operators to take all the time necessary to 
make a weld—but to make it right. These welders are 
usually very closely watched by a welding foreman and 
assistant welding foreman, and sometimes one or more 
inspectors—and it is not hard to tell if a man is soldiering 
on the job. The welder receives a respectable wage, 
depending upon his skill. Possibly some of you gentle- 
men do not believe that an operator in an aircraft factory 
receives sufficient remuneration—but this is 1932—not 
1927 or 1928, or during the War—times have changed. 
In the smaller aircraft factories, where they employ one 
or two men as welders, these men, of course, are required 
to do all the work, but nevertheless the use of jigs still 
holds forth and is given proper consideration. 

One of the most recent production operations that I 
_ have had the pleasure to observe, was at a stove factory. 
It was a brazing operation. The work was fast—the 
men had the proper ventilation in the room—fans to blow 
the fumes away from them—and the selection of the rod 
to be used and the torches was left to the men themselves; 
the cost of equipment and rod was of very little considera- 
tion to the manufacturer. More and more industries are 
following that system—which is worthy of consideration. 
Metal furniture builders are going to it. However, very 
few of them fully realize what it is all about. 

In a plant in Cleveland where I have worked a number 
of times—due to no particular desire on my part to work 


there, but merely because they usually had a great dea| 
of work and it happened to be a handy stopping off place 
where I could pick up a few weeks’ wages while looking 
for a better job—was one of the places which had ab. 
solutely no conception of the use of jigs, the proper 
equipment or consideration for the men themselves, 
The operators, when they needed a tank of gas, had to go 
and get it and roll it up to their work, which was usually a 
block or a block and a half from the welding room— 
which was an outrageous waste of time and money, be. 
cause they had the proper equipment to deliver the tanks 
to the welding room. Their work was all piece work and 
the rates were set by men in the office who knew nothing 
of welding except it was a fabrication of metal—they had 
absolutely no knowledge of how long it would take a man 
to make a weld of a certain kind on a certain job. In 
one particular operation they contracted to do some work 
on an estimate that a welder could turn out six an hour— 
I happened to be the one selected to start this job. | 
don’t claim to be the best or fastest welder in the world, 
but as a general thing, I have been able to make my rate, 
but on this particular job on which I was supposed to 
turn out six an hour, I worked as fast and as hard as [ have 
ever worked, and after three hours I had turned out eight. 
The result was I had nearly two weeks’ pay coming and 
decided I had had enough of that job for a while because 
of that experience and because the equipment was 
obsolete and in very poor repair and totally unsuited to 
the work to be done. 


Pediatric Building 
for the Boston City 
Hospital, Shop 
and Field Welded 


By J. THEODORE WHITNEY 
+Mr. Whitney is President, The Whitney Engineering Co. 


REEDOM from noise was the primary considera- 
tion in the erection of the new Pediatric Building 
for the Boston City Hospital. Originally turned 

bolts in reamed holes in the field were specified, but the 
lack of noise and economy due to welding determined 
the final decision to field weld the structure. 

The Boston Building Law has a flexible provision 
allowing the Building Commissioner to allow the use of 
materials or methods not covered by the law after satis- 
factory evidence has been presented. Building Com- 
missioner Roemer of Boston approved the specification, 
methods and procedure and, as a result, this building 
became the first municipal building to be welded. It is 
also the first fire-proof building in Boston to be both shop 
and field welded. 

The Pediatric Building is about 117 ft. to the roof of 
the 9th story with a pent house and solariums extending 


higher, making the highest piece of steel to be welded 131 
ft. above the ground. In plan the building is 143 ft. long 
by 43 ft. wide with projections at the center of the two 
long sides about 12 ft. by 28 feet wide with porches at 
each floor still farther out, about 9 ft. by 28 ft. wide. It 
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is of fire-proof construction, one way combination system 
being used for floor and roof construction. 

Stcel erection began October 13, 1931. The erection 
derrick was taken down November 25, 1931. Welding 
in the field began October 23, 1931, and was completed 
December 16, 1931. 

All structural steel was fabricated by welding, in the 
Chicopee Plant of the Palmer Steel Co., Springfield, 
Mass., and was well ahead of field requirements at all 
times. 

Welding details, made by the welding consultant, 
covered typical connections, column splices, etc., and 
many special details due to the fact that architectural 
requirements made most of the beams come off the center 
of the columns. The details showed shop and field 
welding to be done and identical copies were used by the 
steel company’s detailers, the field welding foreman and 
the field inspector. 

Sufficient bolts to allow the structure to be plumbed 
and aligned were used in the connections, aid were left 
in place after welding. No punching, except in a few 
special cases, was done in any girder or beam, the holes 
for the bolts coming in the connection angles. The 
columns were punched to receive the erection bolts. 

For a typical connection to a column face, a right angle 
was shop welded to the column face as an erection seat. 
A pair of side connection angles were shop welded to the 
beam web, with erection holes in the outstanding legs to 
match erection holes in the column face. The field weld 
was applied vertically along the toes of the connection 
angles at the column face. Angles which were welded 
along a rolled edge were '/;” thicker than the nominal 
size of the fillet required, in order to obtain a full sized 
fillet along the rolled edge. 

For connections into columns between flanges, a seat 
angle was fitted between the column flanges, with the 
horizontal leg toward the column web. The vertical 
leg of the angle was shop welded to the inside faces of the 
column flanges, these welds carrying the load. For 
rigidity during erection, a clip angle, shop welded to one 
side of the beam web, was provided with two bolt holes in 
the outstanding leg to match holes in the column web. 
The field welding of this connection was at each edge of 
the bottom flange of the beam to the seat angle for a 
length of about 2”. The top of the beam was stayed by 
field welding a light plate connecting the top flange of the 
beam with the column web. 

For some of the intermediate flush top beams a project- 
ing plate, shop welded to the top flange of the inter- 
mediate beam, over the cope, rested on the top flange 
of the girder and supported the beam in position. One 
end of the beam was cut, sawed or milled. At this end the 
web of the beam was placed in contact with the girder 
web and field welded directly web to web. These welds 
were placed as close as possible to the neutral axis of the 
beam, in order to keep the secondary stresses as small as 
possible. The clearance was thereby thrown to the 
Opposite end of the beam where loose plates about 2'/,” 
wide, one on each side of the beam web, were field welded 
to the beam web and to the girder web. This type of 
connection was used only where no beam framed in 
directly opposite on the other side of the girder. 

‘he building was designed to resist wind pressure in 
the narrow positions. The side clip connections carry 
the (ead and live load shear, the top and bottom con- 
hections being provided to resist wind moment only. 
Mary of the wind connections were eccentric with 
the columns, in some cases the web of the girder being off 
the column face entirely. The amount of welding 
hecc sary on aceount of eccentricity was naturally more 


than would have been required had the connections not 
been eccentric. 

For a typical column splice for columns of the same 
nominal size, but where the column depths varied by 
5/,”, a */s” filler plate was shop welded on each face at 
the upper length of column. These fillers were slightly 
larger than the splice plate, in order that the splice plates 
could be welded to them. Two erection bolt holes were 
provided in each splice plate and corresponding holes 
in the lower length of column. After the column was 
plumbed, the lower half of the splice plates were field 
welded to the lower length of column. The lengths 
and sizes of welds were designed to resist the stresses due 
to the wind bending moment, only the direct load being 
taken by bearing through the milled ends of the columns. 
For column splices where the filler plates required were 
less than */,", rather than use long and small fillets be- 
tween the fillers and columns, the fillers were spot welded 
to the splice plates and were made the same width as the 
splice plates. A triangular fillet was built up to the full 
thickness of filler and splice plate, though the strength 


_of this fillet was considered as only a */,” or '/,” fillet, 


corresponding to a */;” or '/,” splice plate. The splice 
plates were field welded to the lower column length as 
before. 

For splices where the nominal size of column changed, a 
cap plate was shop welded to the lower length, with two 
erection bolt holes in the plate, matching holes in the 
outstanding legs of clip angles field welded to the web of 
the upper column length. The moment was resisted by 
horizontal welds at the outside of the column flange to the 
cap plate. 

Welding both for shop and field was carefully designed 
to be accessible for the welder, and overhead welding 
was practically eliminated. 

Shop welding was handled by a welding foreman and a 
total of seven welders was qualified for work in the shop. 
These men did not spend all their time on this job as other 
welded jobs were being put through the shop at the same 
time. The welding foreman was accepted as shop 
inspector with periodic supplementary inspection by the 
welding consultant personally or by the writer. 

The field welding was done by two welders and a 
welding foreman, part of whose duties was super- 
vision. 

The field welding inspection was done through the 
office of J. T. Whitney, Boston, Mass., Welding Con- 
sultant. A qualified welder was employed as field 
inspector, whose duty it was to check lay-outs as made 
by the welding foreman, check the completed work for 
quality and agreement with the plans, and to further 
check the quality of the work by having the welders 
make lap welds from time to time which were broken and 
examined for quality. Occasionally light connections 
were purposely broken off, and the quality of the welds 
examined. The inspector also made daily reports of 
the number of inches of weld by size and location, with 
the name of the welder making each weld. The writer 
also made daily visits to the job particularly to check 
for miscellaneous items which might appear on the job 
and which were not apparent during design. The weld- 
ing consultant also visited the work from time to time to 
check general procedure. 

All welders, both in the shop and in the field, were tested 
by visual and laboratory tests before being permitted to 
weld on production. To be acceptable, the applicants 
were required to satisfy the requirements for tests practi- 
cally the same as those recommended by the AMERICAN 
WELDING Society’s Code for Fusion Welding. 

The following table gives pertinent data on this work: 
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Field Welding 

Total steel 492 T 
Total fillets, all sizes 25686 in 
Total equivalent */, fillet 29365 in 
Fillet, all sizes, made with gasoline driven machine 177 in 
Fillet, all sizes, made with motor driven machine 25509 in 
Equivalent */, fillet made with gasoline driven ma- 

chine 229 in 
Equivalent */, fillet made with motor driven ma- 

chine 29136 in 
Total welding hours 557 
Fillet, all sizes, per welding hour 46.1 in 
Equivalent */,” fillet per welding hour 52.7 in 
Fillet, all sizes, per ton of steel 52.2 in 
Equivalent */,;” fillet per ton of steel 59.7 in 
Electrode used and wasted 1120 lb 
Electrode melted (assume 80%) 896 Ib. 
Electrode melted by motor driven machine 890 Ib. 
Current used (by motor driven machine) 4150 kw. hr. 
Current consumed by Foreman’s machine when 

idling, 134 hrs. at 1.25 kw. 170 kw. hr. 
Current used in welding 3980 kw. hr. 
Fillet (all sizes) per kw. hr. 6.4 in. 
Equivalent */, fillet per kw. hr. 7.3 in. 
Electrode melted by 1 kw. hr. 0.22 Ib. 
Fillet (all sizes) per Ib. of electrode used and wasted 22.9 in. 


Equivalent */, fillet per lb. of electrode used and 


wasted 26.2 in. 


Fillet (all sizes) per man day of 8 hrs. 30.7 ft 
Equivalent */,” fillet per man day of 8 hrs. 35.1 ft 
Shop Welding 
Total steel 492 T 
Total fillets (all sizes) 37138 in 
Equivalent */,” fillet 45627 in. 
Fillet (all sizes) per ton of steel 75.5 in. 
Equivalent */,” fillet, per ton of steel 92.7 in. 


The architectural and engineering design was done by 
James H. Ritchie and Associates, Boston. The steel was 
furnished and fabricated, including shop welding, by the 
Palmer Steel Co., Springfield, Mass., and was erected by 
Daniel Marr and Son Co., Boston. The field welding 
was done by Mellon, Taylor, Hendrickson, Inc., Phila- 
delphia, Pa. Mr. J. T. Whitney, President of The 
Whitney Engineering Co., Boston, Mass., was welding 
consultant in charge of welding details, qualification of 
welders and inspection, and was assisted by A. §. 
Coombs, Engineer, The Whitney Engineering Co. 
Professor Frank P. McKibben, Black Gap, Pa., was 
associated with Mr. Whitney in an advisory capacity. 


A New Process for 


Making Welded Joints 


By H. S. GEORGE 


+This paper was presented at the Annual Meeting of the 
American Welding Society, A 27 to 29, 1932, by H. S. 
George, Research Engineer, Union Carbide and Carbon 
Research Laboratories, Inc. 


Introduction 


HERE have been, until recently, only two funda- 
mentally different methods of making welded 
joints in metals. The origin of these two basic 

methods is lost in antiquity. Both require the appli- 
cation of a considerable amount of heat. One employs 
force to effect a union, the parts being in a solid but 
plastic condition, while the other method unites the 
objects by melting the contiguous parts. 

Before the advent of modern high temperature 
agencies, steel could be welded only by the first process, 
that is, forge welding. Metals of relatively low melting 
point, lead for example, have long been welded by the 
second method, known as fusion welding. But as the 
mechanical arts advanced and as new sources of energy 
became available, steel and other high melting point 
metals have also come to be welded by the fusion proc- 
ess. At the present time there are many modifications 
and combinations of the two older basic methods. 
The modern methods differ chiefly in the source of energy 
and in the form of apparatus employed. 

Recently, a new method of welding steel has been 
developed and placed in commercial use. Like the two 
other methods, it requires the application of considerable 
heat, but the parts do not need to be raised to the melting 
temperature of the base metal, nor do they need to be 
forced together. A welded union is effected by heating 
the parts to about the same temperature that is em- 


ployed in forge welding and then uniting them with 
molten filler or weld metal, as is now done in fusion 
welding. The molten weld metal unites and becomes 
integral with the adjacent solid parts by utilizing a 
number of peculiarly cooperating properties of carbon 
and iron. Therefore the method does not fall under 
either of the older classifications, but forms a distinct 
third class. It is unique in being the only method of 
making a welded joint (considered fundamentally) 
of whose origin there is any exact knowledge. 


Definitions 


The older methods of soldering, brazing and welding 
will be analyzed, briefly, to form a basis for discussing 
the new process. Such operations are characterized by 
many common features, and some writers classify them 
all under the name of welding. The matter is largely 
one of definition and, because there is none that is 
generally accepted, it may be well to state what these 
terms mean in the present discussion. The term ‘weld’ 
may indeed be used generically, to include all joints, 
soldered, brazed or welded, that have the common 
characteristic of having been united, in metal-to-metal 
contact, by means of heat. But it is possible to weld 
without heat and, moreover, if ‘weld’ is used generi- 
cally, there is no suitable name left to distinguis! the 
result of a forge or fusion weld from a soldered or brazed 
joint. The difference between such joints is one with 
which the present article is concerned, and the term 
“weld” will therefore be retained to designate the 
products of the forge and fusion processes and also that 
of the new process. This leaves the need for a generic 
name for all such joints, but with that need the present 
article is not concerned. 

Joints that are soldered or brazed have in common 4 
sharp line of demarcation with little or no mingling of 
interdiffusion of the fiiler metal with the base metal 
parts. “Base’’ is here used to signify the parts that are 
to be joined, and is distinguished from the ‘tiller 
metal which acts as a cement in a soldered or brazed 
joint. Filler metal may be used in fusion welding 
(and in the present process), and there are instances ° 
its use in forge welding. But in the last three, all 
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classed herein as welding, the filler metal is not used 
merely as a cement and there is no sharp physical line 
of demarcation between the weld metal and base metal, 
the two mingling or diffusing. 

One way to appreciate the difference between the two 
classes of joints is to consider that in the one (soldering 
and brazing) it is possible to separate the parts com- 
pletely, for example, by melting out the filler metal, 
thus restoring the original surfaces, whereas in the other, 
(welding) the original parts can never be restored even 
though a substantially lower melting point filler metal 
may have been used to unite them. This indissoluble 
characteristic is adopted in the present article to dis- 
tinguish a welded joint. 


Essential Requirements 


In any operation of this sort (soldering, brazing or 
welding), there are three essential requirements (to be 
discussed in more detail later), the principal one being to 
eliminate the oxide which forms on heated metal and 
which otherwise would prevent intimate metal-to-metal 
contact. Soldering and brazing rely on a suitable 
flux for this purpose, which unites chemically with the 
metallic oxide and disengages it from the metal surface. 
A drop of molten solder and a piece of copper will not 
cohere because the thin films of oxide on the copper and 
on the solder prevent them from uniting molecularly 
(that is, metal-to-metal). The shape of the drop of 
solder where it rests on the copper is convex; the 
solder does not “‘wet’’ the copper. But if a flux is applied 
the solder assumes a concave meniscus. This is because 
on removing the oxide film the molecular attraction 
of the two metals overcomes the surface tension of the 
liquid solder and pulls it along the surface of the copper; 
in other words, the solder now “‘wets’’ the copper. The 
same is true of brazing. 

In the case of a forge weld, force is used to squeeze 
out the oxide and to bring the surfaces into contact. 
The objects are usually prepared with convex surfaces 
to facilitate the squeezing-out process. A flux is usually 
relied upon to reduce oxidation and to unite with and 
render the metallic oxide fluid. Slag, or fluxed oxide 
(although sometimes hardly distinguishable), always 
remains as a discontinuous film at the boundary of a 
forge weld, but except where the slag film is present a 
true weld (indissoluble union) occurs. 

_ Fusion welding may also employ a flux, but usually, 
in the fusion welding of steel, the removal of the metallic 
oxide is accomplished by melting the oxide coated parts, 
which permits the lighter oxide to float to the surface 


hic. Fusion Welding, Showing How the Surface Oxide Is Floated 


Off to Obtain Contact, by Melting the Base Metal 


Fig. 2— 3. Photomicrograph of Fusion Weld. Section taken at the 

forward edge of the advancing puddle. This corresponds to the 

sketch, Fig. 1. Observe the weld metal overlapping the surface oxide; 

e the deep fusion and the depth to which the heat effect has 
affected the base metal. 


of the puddle. The molten rod metal, if any, mixed, of 
course, with such base metal as has been melted to effect 
removal of the oxide, then makes contact with the base 
metal and unites with it. Figure 1 depicts the operation, 
diagrammatically, and Fig. 2 is a corresponding photo- 
micrograph of a fusion weld. Figure 3 is a photomicro- 
graph of the same weld, taken at a point corresponding 
to the dotted circle in Fig. 1, showing the oxide melting 
and rising to the surface of the puddle. 

In each of the above methods, three essential re- 
quirements must be fulfilled: (1) removal of oxide; 
(2) contact between the parts; (3) sufficient heat to 
facilitate the operation and render it commercially 
feasible. In the new method, certain distinct but 
cooperating functions of carbon are utilized in connec- 
tion with each of the above three essentials. 


Relationship of Carbon to the Essentials 
of Welding 


It is worth while to note the contrast between the slow 
empirical development through the centuries of the 
simpler alloys of iron and carbon and the greatly in- 
creased tempo in this respect resulting from the appli- 
cation of modern research methods. This does not 
mean that the elements of chance and necessity are no 
longer of account in discovery and invention, but these 
factors are relegated more and more to the occasion of 
the particular discovery, while scientific knowledge and 
modern facilities play an increasing part in assisting the 
inventive faculties in seizing the occasion and in meeting 
the necessity. The remarkable combinations of iron 
and carbon to form the steels and cast iron have long 
been used without, until recently, much of an under- 
standing of the intricacies of the relationship. The 
new welding process is in reality an extension of this 
unique partnership scientifically discovered and applied. 

When carbon dissolves in solid iron, which it does 
rather rapidly at elevated temperatures, the melting 
point of the mixture falls below that of pure iron. The 
more carbon, up to about 4'/. per cent, the lower the 
melting point, pure iron melting at about 1530 deg. C., 
while the 4'/2 per cent, or eutectic mixture, melts at 
about 1150 deg. C. If, therefore, we heat steel con- 
taining, say, 0.35 per cent carbon, whose melting point is 
about 1500 deg. C., to a temperature somewhat below 
this, say, to 1200 deg. C., and then expose it to a car- 
burizing influence, the surface layer of the white-hot 
steel will absorb carbon and will spontaneously melt as 
soon as the carbon content approaches 4'/, per cent. 
The molten carburized film covering the surface of the 
steel precludes oxidation. 

If molten steel is allowed to run over the surface of 
white-hot steel thus carburized, the molten surface film 
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Fig. '— 100. Photomicrograph of Fusion Weld Showing the Area In- 

dicated by the Dotted Circle in Fig. 1. Observe the surface oxide that 

has started to float up through the weld metal. It is this melting of 

the base metal—to float off the surface oxide and to bring about con- 

tact between weld metal and base metal—that distinguishes fusion 
welding from forge welding and the new process. 


is immediately dissolved in the molten steel, which 
thereupon unites with the underlying solid metal. 
Figure 6 shows how the above occurrences are integrated 
with welding, using an oxyacetylene flame to unite two 
continguous plates by filling the intervening space be- 
tween their beveled edges with metal melted from a 
welding rod, which is caused to unite with the plates 
through the medium of the carbonaceous flux, as de- 
scribed above. 

It is very difficult to retain the carbonaceous film for 
microscopic examination, because it is so thin. By 
exaggerating its formation it can be retained, and such 
an example is shown in Fig. 5 which reveals the iron- 
carbon alloy of approximately eutectic composition 
(4 to 4'/, per cent carbon). 

The forward edge of the advancing puddle of weld 
metal as it progresses along the seam, having absorbed 
the carbonaceous flux, contains about 0.40 per cent 
carbon, whereas the finished weld has less than 0.30 
per cent carbon, being diluted with rod metal. The 
finished structure of a fully annealed weld is shown in 
the photomicrograph, Fig. 6. 

The welding operations and properties of the weld 
will be discussed more fully later, the above brief refer- 
ences having been introduced to provide a basis for the 
discussion of the functions of carbon which now con- 
tinues. 

The carbonaceous film performs three functions, each 
related to the three essentials enumerated above, 
which are required in any welding operation, viz.: (1) 
it prevents oxidation; (2) it promotes intimate contact 
by acting as a flux and by causing the molten metal to 
run out over the wetted base metal; (3) it acts as a 
temperature indicator, denoting by its formation and 
spontaneous melting the proper time to add the molten 
filler metal. 


Table I shows how the essential requirements are 
obtained in the various welding processes and siinilar 
operations. 

The underlying principle or basis of the new process is 
comprised of a fortunate and peculiar coincidence of a 
series of cooperating facts, namely: carbon is soluble in 
iron; carbon lowers the melting point of the mixture: 
the melting point of the carbon mixture coincides with 
feasible welding temperature; carbon reduces iron oxide: 
the non-metallic product of the reduction is gaseous, and 
escapes. 

Another fortunate consideration from the standpoint 
of commercial feasibility is that the, necessary carbon is 
available and controllable with standard oxyacetylene 
welding apparatus, and the present article, while con- 
cerned with the broad principle, deals chiefly with this 
natural development. 


The Utility of Carbon in Oxyacetylene 
Welding 


Although the standard oxyacetylene welding appa- 
ratus is all that is necessary, the method lends itself to 
semi-automatic and automatic operation, and special 
apparatus has been developed for certain applications 
of the new process, taking advantage of its essential 
simplicity. 

In practice, the carburization of the base metal, as a 
preparation for receiving rod metal, is accomplished by 
the oxyacetylene flame properly adjusted and manipu- 
lated. A flame having a slight excess of acetylene is the 
one generally used because it facilitates the operation 
without unduly carburizing the weld. For certain 
special types of work, carburization of the base metal 
may be obtained by proper manipulation of a flame 
which is essentially neutral in adjustment as a free- 
burning flame. 

The blowpipe is manipulated in such a manner that 
the carburizing zone covers the base metal adjacent 
to the advancing weld. As the weld progresses, the 
adjacent base metal absorbs carbon to a depth of about 
one or two thousandths of an inch, forming a high 
carbon film that spontaneously melts as soon as its 
temperature reaches 1150 to 1200 deg. C., as already 
described. The natural shape of the flame and the 
disposition of its zones make this a very simple and 
practically automatic procedure. 

There is no fixed requirement as to whether the base 
metal shall or shall not be heated to its melting point 
or even higher, after carburizing. 
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Fig. 5— 100, Photomicrograph of Carbonaceous Flux, Exaggerated 

for Purpose of Study. As produced in the normal welding operation, 

it is so thin that its retention for examination is practically im- 

possible. This exaggerated example was specially made to show its 

eutectic structure, how it eliminates oxide and how it forms on the 

unmelted base metal. In the actual welding process carbon does not 
diffuse so deeply into the base metal as is shown above. 


The Carbonaceous Flux 


The one indispensable characteristic of the method is 
the formation of the carbonaceous film as a flux to enable 
the filler metal to unite with the base metal. 

This film possesses certain unique features. It is 
metallic; it is produced automatically; it spontaneously 
melts; and it disappears by dissolving in the added 
metal as soon as its functions have been fulfilled. The 


process may therefore be technically termed ‘‘self- 


fluxing.”’ It is the basis of the method now known to 
the welding industry as ‘‘Lindewelding.”’ 

The idea of utilizing the carbonaceous flux in welding 
occurred to the author during the course of an examina- 
tion of a number of experimental welds made by a 
combination of the forge and fusion processes. Under 
the microscope, thin films of oxide were observed, mark- 
ing the boundaries of the original surfaces. Previous 
studies made by the author on special purpose fluxes 
suggested the idea of trying a carbonaceous flux. The 
problem then resolved itself into devising some means 
of integrating and synchronizing the formation of the 
carbonaceous flux with the welding operation. The 
thought occurred that possibly the oxyacetylene flame 
itself could be made to provide the necessary fluxing 
carbon. To test this conjecture the following steps 
were taken. The beveled edges of a joint were pre- 
carburized superficially with an oxyacetylene flame 
for some distance along the seam, and weld metal was 
then added in the usual manner. The results confirmed 
the theory. Next, the carburization was combined and 
synchronized with the welding operation. This proving 
successful, the final step was taken, the weld being made 
without melting the base metal. 


The Excess Acetylene Taboo 


As the development progressed it became increasingly 
cident that in spite of the long-established taboo 
a..inst the use of the excess acetylene flame, here was a 
‘hod that was capable of producing welds of superior 
4 ty. Actually, the taboo had applied only to the 
\\ ing of mild steel, for the excess acetylene flame has 
bec. used for certain purposes, such as the welding of 
Ss} al alloys, and a heavy excess is often used in welding 
St. . where the occasion demands a hard weld. More- 
some welders customarily employ a barely per- 
cep ble “feather” of excess acetylene to act as a visible 
‘nc ation of the desired neutral adjustment. 

the art of coating steel with certain non-ferrous 
all 5. Haynes Stellite for example, a heavy excess of 


acetylene is essential to insure sound coatings by pre- 
venting access of atmospheric oxygen. In some such 
cases the carbonaceous flux was incidentally formed, 
but its utility had not been recognized in making welded 
joints in mild steel or ferrous alloys, and all texts and 
authorities have been explicit in warping against the 
use of anything but the so-called neutral flame for the 
oxyacetylene welding of mild steel. It is believed 
that at the time of the present discovery there was no 
published record of any application of the principle of 
the carbonaceous flux either in coating or making 
welded joints, nor of any instance (other than forge 
welding) of welding mild steel without raising the 
contiguous parts of the joint to the melting temperature 
of steel. 

The present method operates at a lower temperature 
than fusion welding, and superheating of the rod metal 
to float out oxides is unnecessary. Moreover, in order 
to obtain satisfactory results, it is essential to use a rod 
of special composition to provide addition agents, as in 
steel founding, of which welding is a specialized miniature 
replica. 

One of the former objections to the excess acetylene 
flame was its supposed deficiency in heating ability 
and consequent bad effect upon the speed and economy 
of welding. It will be shown later how the reverse 
effect was actually demonstrated. 


Properties of the Weld 


Where a rod containing, say, 0.15 per cent carbon is 
used with the new method to weld plate having a carbon 
content of between 0.15 and 0.35 per cent, the weld 
metal will contain about 0.25 to 0.30 per cent, or approxi- 
mately the same amount as the base metal. A lower 
carbon content can be obtained if desired. The physical 
properties of such weld metal are superior on the whole 
to those of the plate. Ductility is retained at a high 
value because of the soundness and oxide-free character 
of the deposited metal. In the ‘‘as welded” state, welds 
of the type mentioned above as made in the laboratory 
have outpulled plate having a tensile strength of over 
90,000 Ib. per sq. in. At the same time ductility of 
these welds, as measured by the bend test, ranged from 
20 to 25 per cent. The normalized welds had a duc- 
tility of between 40 and 50 per cent, while that of fully 
annealed welds was even higher. When it is considered 


Base Meta! 


Metal 


Fig. 6— 100. Showing the Annealed Structure of the Weld at the 

Junction with the Base Metal. The carbon content is accurately 

indicated by the structure. The ghost line and parallel slag inclu- 

sions, extending in unchanged form close to the junction, indicate 

the relatively low temperature to which the base metal was heated, 
about 1100 to 1200 deg. C. 
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Outer Envelope 


(fairstly visible) 2x | Excess 
acetylene 


— 


Luminous Feather 


Fig. 7—Flame Adjustment Generally Used with Self-fluxing Process 


that a ductility of 15 per cent is ample, denoting sound 
weld metal and toughness, the high quality of the weld 
becomes apparent. Given good ductility and high 
strength, the need is not for the sacrifice of strength in 
order to obtain more ductility, but for soundness and 
absence of defects, such as incomplete penetration, 
especially at the root of the vee. The presence of the 
carbonaceous flux covering the walls of the.vee is vir- 
tually a guarantee against such defects. 

A noteworthy feature of the new type of weld is its 
improved response to heat treatment. An important 
example of this is exhibited by chrome-molybdenum 
aircraft steel. Butt type joints in tubular test specimens 
1 in. O. D. by 0.035 in. wall thickness were welded with- 
out melting the tube, using the same rod mentioned 
above; then heat-treated after welding, some to 125,000 
and some to 150,000 Ib. per sq. in. In all cases the full 
heat-treated strength was realized. The fractures oc- 
curred 3 to 4 in. from the weld, proving that there was 
no deleterious effect from the welding operation. Thin 
chrome-molybdenum plate, also, was heat-treated after 
welding to various strengths, from 125,000 to over 
200,000 Ib. per sq. in. Upon testing to failure, the 
heat-treated strength was attained, the fracture occurring 
in the plate, remote from the weld, with the weld rein- 
forced only 30 per cent. With the reinforcement ground 
off, and with reduced sections at the weld, similar speci- 
mens broke in the weld at 80 per cent of the strength of 
the alloy steel, the fracture being silky and of the cup 
and cone type indicating homogeneous, tough weld 
metal. 


Preparation 


There is a precaution to be noted in connection with 
the self-fluxing method to insure a sound weld, in addition 
to the exercise of reasonable care to avoid unduly super- 
heating the rod metal above its melting point. It is 
essential that the base metal be properly prepared to 
receive the carbonaceous flux. The best preparation is 
either a smooth machined surface or a smooth blow- 
pipe-cut surface, preferably made with a machine- 
operated blowpipe. Very rough or deeply rusted sur- 
faces or those with heavy mill scale or having very sharp 
wire edges should be avoided as they are likely to cause 


Direction of Welding 


by Backward Method. Side view of 
itudinal section through single vee weld in plate 


blowholes, the reason being that the quantity of carbo. 
naceous flux usually formed is not sufficient to reduce 
completely the oxide on such surfaces before the ad. 
vancing puddle encloses them. The incomplete reaction 
FeO + C = Fe + CO, proceeding within the puddle, 
forms a blowhole due to the generation of carbon imon- 
oxide. Thin mill-scale, ordinary rust and the oxide on 
blowpipe-cut surfaces are reduced completely by the 
flux and are not objectionable. In actual practice, if a 
heavy particle of oxide is met with, its presence is un- 
mistakably indicated by its extremely brilliant ap- 
pearance long before the puddle engulfs it. It inay 
then be melted and floated out as in fusion welding. 


Flame Adjustment 


When hand welding by the self-fluxing method, the 
excess acetylene flame is usually employed. The flame 
adjustment generally recommended is one having a 
‘luminous feather’ about two times the length of the 
inner cone (see Fig. 7). When the excess acetylene 
flame is manipulated according to the usual technique, 
one criterion for controlling the proper adjustment of 
the gas mixture is the character of the sparks which 
are emitted by the pool of weld metal. If too much 
acetylene is supplied or if the blowpipe is not manipu- 


ois Direction of welding 


Rod 


Fig. 9—Lindewelding by Forward Method. Side view of fillet weld 


lated properly, characteristic scintillating sparks are 
emitted in a steady shower. These are similar to the 
“carbon sparks’ produced when high-carbon tool steel 
is held against an emery wheel. On the other hand, 
when too little acetylene is applied, ‘oxide sparks’ 
become too frequent. With the correct mixture and 
manipulation an occasional spark of either variety may 
appear but never a steady “‘shower.”’ 

For most purposes, especially where the contiguous 
parts are beveled, the backward method (see Fig. 5) 's 
preferred. In some cases the forward method (see Fig. 
9) is used, especially for thin gage metal, but even for 
unbeleved sheet metal the backward method is some-— 
times indicated. Where this is the case a flame, whose 
adjustment as a free-burning flame may vary from 4 
barely visible feather of excess acetylene to neutral, 
usually suffices to produce an ample carburizing «lect 
when manipulated in the proper manner. 


Contrast in Procedure of Oxyacetylene 
Fusion Welding and the New Process 


The early experimental work in connection ‘with the 
self-fluxing process was aimed at the development °! 4 
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Method Elimination of Oxide 


Metal-to-Metal Contact 


Table 1—Essential Requirements 


Adequate Temperature 
Base Metal Filler Metal 


Soldering and Brazing Flux Fluidity of Filler Metal Melting Temp. of Filler Melting Temp. 

Fusion Welding Melting of Base Metal (and Fluidity of Base Metal (and 1600° C. (+)! 1600° C. (+)! 
Filler Metal, if any) Filler Metal, if any) 

Self-Fluxing Process Carbonaceous Flux Carbonaceous Flux on Base 1200° C.? 1475-1500° C. 


Metal and Fluidity of Filler 


Metal 


1 At least 100 deg. superheat required, to float out oxides. 
2 Correct temperature indicated by melting of carbonaceous flux. 
No superheat required. 


suitable technique for procedure for the welding of butt 
joints in mild steel plate. As in welding butt joints by 
the oxyacetylene fusion process, the contiguous edges 
require beveling. In general, the oxyacetylene fusion 
process employs a technique known as “forward’’ weld- 
ing, with the edges beveled at an angle of 45 deg. This 
results in a vee-shaped trough having an included angle 
of 90 deg. The large angle is considered necessary to 
insure thorough “‘fusion’’ and “‘penetration.’’ As used 
by the welder these terms mean the intimate mixing of 
the molten rod metal with the molten base metal over 
the entire beveled surfaces, accomplished by progres- 
sively melting the opposing beveled surfaces over a 
limited area and filling the intervening trough-shaped 
space with metal melted from a welding rod whose end 
is suitably manipulated in the advancing puddle of 
steel. As the forward edge of the puddle continues to 
advance along the open vee, its rear edge solidifies. 
A suitable manipulation of the blowpipe is required 
which, in combination with that of the rod, enables the 
welder to control the puddle and to float out oxides. 

The self-fluxing process presents a strong contrast to 
the foregoing. For butt type welds, the ‘backward’ 
method is employed (see Fig. 8). This method had 
already shown certain advantages over the forward 
method, and its technique lent itself to the self-fluxing 
principle but it had not been widely used, in this country 
at least. The operator now merely directs the suitably 
adjusted flame so as to form the low-melting carbo- 
naceous film continuously just ahead of the advancing 
puddle, and, because oxidation is eliminated and the 
base metal remains solid, there is no necessity for com- 
plex movements of the rod or the blowpipe. 

Correlative modifications in welding procedure follow 
naturally. The most important of these from the stand- 
point of economy is the increase in the size of the welding 
flame that can be safely applied. 

Another marked economy that appeared early in the 
development work was the considerable reduction in the 
included angle of the vee over that which was generally 
considered necessary in fusion welding. Instead of 90 
deg., a 70 deg. angle is sufficient. This difference repre- 
sents a saving in welding rod of from 25 to 50 per cent, 
depending upon the thickness of the material, the 
>pacing and the amount of reinforcement. 


Inherent Advantages 


There now follows a more detailed discussion of a 
umber of advantages inherent in the new method. 

‘rom the standpoint of economy, it is of decided 
alvantage to be able to weld without heating the base 
mctal to its melting point or above. Not only does it 
"\uire @ smaller energy input to prepare the base metal 
but its preparation requires less time. 

't is well known that in geueral the less a metal is 


superheated above its melting point, and the less a weld 
is worked over, the better is its quality. With the new 
method the weld metal need be heated only sufficiently 
to cause it to conform to the scarfed surfaces. A barely 
molten condition of the weld metal suffices, and due to 
the more rapid rate of welding and the smaller amount 
of heat absorbed by the base metal, the puddle solidifies 
more quickly. Bathed in a reducing atmosphere, the 
metal is continuously protected from oxidation. 

It is remarkable that the many correlated effects of 
the self-fluxing principle should all be cooperative in 
promoting both quality and economy. One of the most 
interesting of such examples is the relative heating 
rates of the neutral and the excess acetylene flames. 
Heretofore, it has been considered that the neutral 
flame produced the highest temperature and consequently 
was the most efficient adjustment for welding and the 
one yielding the greatest speed. But the author has 
shown that a flame, adjusted so that the luminous feather 
has a length of about 2x (see Fig. 7), will melt a welding 
rod faster than the natural flame, for the same size 
of blowpipe tip. The increase in melting rate is quite 
appreciable, amounting to from 5 to 10 per cent, where 
both flames are directed at the rod in the same way, 
and where the working distances and positions corre 
spond to those in practice, the tip orifices and oxygen 
pressures being equal. 

There are several possible causes for the faster melting 
rate of the excess acetylene flame. In the first place, 
the proper flame adjustment is preferably obtained not 
by cutting down on the oxygen supply, but by increasing 
the acetylene supply. Thus more energy is supplied 
because about half the primary energy is in any case 
derived from the exothermic decomposition of acetylene. 
Again, part of the enhanced heating power is probably 
directly due to the “luminous feather.’’ The effect of 
this more voluminous and luminous flame is twofold. 
It provides an insulating medium surrounding the rod, 
and its luminosity increases the radiant power of the 
flame. Finally, although the temperature immediately 
in front of the inner cone is theoretically (and, no doubt, 
in fact) higher in the case of the neutral than of the ex- 
cess acetylene flame, the probability is here suggested 
that the mean temperature throughout the working 
range of the flame is higher for the latter because of the 
differences in the rates and processes of combustion 
in the two cases. 

Several results of the new welding principle cooperate 
in promoting quality. For example, the ability to 
produce a weld without melting the base metal prevents 
the dilution of the rod metal with base metal of inferior 
quality. This means that, with the aid of a special weld- 
ing rod having a composition designed specifically for 
welding purposes, the quality of the weld is actually 
superior to that of the base metal. 
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Laboratory Research Proved Practical 


The attainment of these results in the laboratory re- 
search has been amply confirmed in actual practice, 
notably in the construction of overland pipe lines for 
transporting oil and gas. Every conceivable service 
condition has been imposed on the procedure and on the 
lines welded by it, during a period of more than a year 
and on over three thousand miles of pipe. The sim- 
plicity of the method has been evidenced by the readiness 
with which the laboratory-developed technique is 
assimilated by the novice as well as by experienced 
welders. 

The method lends itself to machine welding and semi- 
automatic welding, because its principle obviates complex 
movements of the rod and blowpipe. 

A striking example of the superiority of the new 
process from the standpoint of quality has recently 
been referred to in Air Commerce Bulletin 16, issued by 
the United States Department of Commerce, Aero- 
nautics Branch, giving advance information on some of 
the results of the Bureau of Standards’ recent investi- 


gation of the strengths of welded joints in tubijar 
members for aircraft. One of the problems jin the 
program was the welding of joints in very thin chrome. 
molybdenum tubing, having a wall thickness of only 
0.020 in., and successful welds were made with ease with 
this new process. 

Summing up, it may be said without exaggeration 
that the self-fluxing method has revolutionized welding 
practice where it has been applied, by greatly increasing 
welding speeds, by effecting economies in consumption 
of rod and gases, and at the same time maintaining 
uniformly excellent quality. 

In conclusion, the author wishes to acknowledge the 
cooperation and assistance of others—particularly of 
Mr. P. C. Jones, who made the welds in the adaptation 
of the process to the technique of backward welding— 
and he desires to emphasize the importance of modern 
research facilities in this connection, as exemplified by 
the activities of Mr. J. H. Critchett, Vice-President, 
Mr. J. R. Dawson, Head of the Welding Department, 
and other members of Union Carbide and Carbon Re- 
search Laboratories, Inc. 


Written Discussion of 
Mr. Jennings’ Paper 
on Ductility 


By Jj. C. Lineoln* 


+#Mr. Lincoln is Chairman of the Board of the Lincoln 
Electric Co. 


N MR. JENNINGS’ recent paper he has a number of 

] figures indicating that the ductility of a test sample 

as reported increases as the length of the sample 
decreases. 

If my memory is correct he had one sample which 
had 82% elongation in '/2”. The same material was 
reported with an elongation of 25% in 2”. 

I am sending this discussion to point out that in making 
a pull test there are two factors governing the results 
in so far as per cent of elongation is concerned. One 
is the ductility of the metal. The other is the uniformity 
of the sample being tested. 

Fundamentally, ductility is the property of a metal 
which enables the grains to slide over each other or 
which enables the grains to elongate in the direction of 
the force acting without breaking. 

Using this definition of ductility, it is clear why a 
short sample will show a greater percentage of elonga- 
tion than a longer sample of the same material. As the 
sample is stretched in the testing machine there will be 
some particular portion of it which is slightly weaker 
than the rest and consequently greater elongation will 
occur at this particular point than at other points. 
This greater extension decreases the cross section which 
still further concentrates the strain at this point. 


* Paper published in April issue of JourRNAL or THe AMERICAN WELDING 
Socrery. 


When the break finally occurs the actual stretching 
of the metal over a '/,” including the break would prob- 
ably be more than 100%, although the elongation, as 
measured over a distance of 2”, in the report would be of 
the order of, say, 25%. The difference in elongation is 
not due to the fact that the actual ductility in the 2” 
sample is less than the actual ductility in the particular 
1/," length where the break occurs but is due to the fact 
that the metal in most of the length included in the 2” 
is not stretched to anywhere near the degree that the 
metal is stretched over the '/,” where the break actually 
occurs. 

To put it another way, in measuring the elongation 
over a 2” gage length we are measuring not only the 
ductility of the sample but its lack of uniformity. If 
the sample were absolutely uniform, every portion of the 
length in the 2” gage length would stretch an equal 
amount. Due to the fact, however, that the sample is 
not absolutely uniform this stretch occurs mostly at the 
point at which the break occurs. This is the reason why 
the per cent of elongation in 2” is greater than the 
per cent of elongation on the same metal as reported 
with an 8” sample. 

The ductility of the metal would be the same in the 
8” sample as the 2” or '/,” sample but most of the metal 
in the 8” sample is not very severely strained and con- 
sequently the reported elongation is much lower in the 
8” sample than in the 2” sample. 

What we are measuring in all these cases is not only 
the ductility in the metal but lack of uniformity in the 
samples being tested. Ductility is a good quality. 
formity is a good quality, but in making pull tests | «se 
two qualities should be distinguished from each other. 

It would seem to me that the best test for a (ual 
ductility would be to take a weld bar, drill a num!)* of 
holes through the weld so that the break will occur» ‘he 
weld and not in the parent metal, and measure the 0" 
gation of the holes after the break has occurred. : 

In this way the lack of uniformity of the sam ‘ 
reduced to the lowest term and what we are measu™ - ' 
mostly the ductility of the sample, not so much th: «ck 
of uniformity of the sample. 
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Author’s Closure Paper on *‘Ductility in Are Welds 
with Some Reference to Strength Values’ by 
Cc. H. Jennings 


ular 
the 


me- 
nly It has been the purpose of the writer in his paper 
vith on ‘Ductility in Are Welds’ to discuss the various 


methods of determining weld ductility and to interpret 


‘ion the same. 


ling The advantages of determining weld ductility by the 
Ing elongation of tensile specimens lies in the fact that it 
‘ion ives results that are consistent and directly com- 


able to those obtained from parent metals. The 
fact that the gage length has an important effect upon 
the results obtained from this type of test is not an ob- 
jection to it. Standard methods and procedures have 
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Worthwhile Saving 
Effected by Are 
Welding Gas Pres- 


sure Regulators 


By A. F. DAVIS 


been established for the measurement of ductility in 
parent metals and a similar procedure can be adopted 
for measuring ductility in welds. 

The advantages of the bend test for ductility deter- 
mination lie primarily in its simplicity and cheapness. 
The results obtained are consistent and are directly com- 
parable within themselves, but they appear to have no 
relation to elongation values obtained from tensile speci- 
mens. 

The principal factor to bear in mind in connection 
with elongation measurements (tensile or bend), how- 
ever, is that they are only an arbitrary measure of 
ductility and unless they are carried out in standard 
conventional methods they become misleading. 


Fig. 1—Gas Pressure Regulator Unit 


Adaptability of the shielded arc technique is shown by 
the variety of pipe sizes. The regulator consists of 45 ft. 
of 16 in. pipe, 22 ft. of 12 in. pipe, 159 ft. of 10 in. pipe, 
40 ft. of 8 in. pipe, 80 ft. of 6 in. pipe, 71 ft. of 3 in. pipe, 
20 ft. of 2'/s in. pipe. 

The Ohio Fuel Gas Company is an extensive user of 
welding and is equipped with standardized arc-welded 
jigs and fixtures for production of fittings. Flanges are 
cut by gas on an arc-welded automatic set-up and held in 
position on a special fixture. 


lar +Mr. Davis is Vice President of The Lincoln Electric 

act Company. 

9" 

the 

lly VERY considerable reduction in construction and 

assembly costs of a gas pressure regulator unit has 

ion been made possible by the utilization of the shielded 

the are process of arc welding which has made such rapid 

If strides recently. 

the The unit in question is installed in the Muncie, 

tal Indiana, station of the Ohio Fuel Gas Company to reduce 

. is the pressure on trunk lines for city use. It consists of 

he six high pressure regulators and 12 gate valves; in the 

hy meter end there are seven merco stops and seven gate 

he valves as well as seven 10 in. al -welded orifice flanges. 

ed (1 the whole installation, shown in the accompanying 
illustration, are 120 all-welded steel flanges. It weighs 

he over 40,000 Tb. 

tal 
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STRUCTURAL STEEL REPORT 


The American Welding Society has available in attractive book form, the results 
of a five-year program of investigations in Structural Steel Welding. The report 
shows allowable unit stresses which may be used for various types of joints and 
thicknesses of materials commonly met in structural work. Several thousand speci- 
| mens were made up in forty different shops and tested in twenty-eight laboratories 
to secure the above results. Price per copy, $1.00. 
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Pressure Welding of 
Low-Carbon Steels 
with Theoretical 
Considerations on 
the Mechanism of 


Such Welding 


By C. R. AUSTIN and W. S. JEFFRIES 


+This was ted before the Annual Meeti 
of the American Institute of Mining and Metallurgi 
Engineers, New York, February 1932. The first rt 
ing with Physical Tests was published in the nde 
issue of the Journal of the American Welding Society. 


PART Il 


Macroscopic and Microscopic Examination 


N ORDER to study the nature of the junction formed 
between two specimens in pressure welding, macro- 
scopic and microscopic examination was found to be 

valuable. The macroscopic examination refers to the 
fracture when this occurred in the weld. The micro- 
scope was used to examine the nature of surfaces found 
in such a fracture and also to observe the metallographic 
characteristics of polished sections cut longitudinally 
through the center of the weld. Macroscopic analysis 
naturally refers only to tests where fracture occurred in 
the weld. A good weld which broke outside the surface 
of contact provided no information other than that the 
experimental conditions were such as to produce a weld 
stronger than the parent metal. 

It was found that much fundamental information was 
to be obtained from the study of fractures under good 
binoculars where a stereoscopic view of details could be 
noted. An effort has been made to reproduce a few of 
these structures, without the stereoscopic effect, to assist 
in discussing the problem. It must be borne in mind 
that they are given to show differences in the type of 
structure over the surface of any one fracture, but they 
do not in any way indicate the minute details that can 
be observed in the stereoscopic examination. 

Figures 7 to 10, inclusive, show the different types of 
fracture that were obtained by breaking welded test 
pieces. The description of these fractures is grouped 
into two kinds—a coarse crystalline fracture exhibiting 
shining crystal facets is referred to as a ‘‘fiery fracture”’ 
and a fine, gray, dull fracture is termed a ‘‘gray”’ fracture. 
Accompanying this gray fracture are silver-bright areas 
which are quite distinct and different in nature from the 
fiery fracture. It is suggested that this is not a true 
fracture but will be referred to as the “‘silvery’’ fracture. 

In Fig. 7 the black and white irregular areas are 
the places where a fiery fracture has resulted. Sym- 
metrically arranged gray rings show the gray fracture 
and in between these rings can be observed white ring 
spacings which we have termed the silvery fracture. 
This macrograph is the only good photographic repro- 
duction, as the surface of the fracture approximates to a 
plane surface and the lens used takes care of the slight 


amount of depth of focus required. The other fractures 
are so irregular that only a small area on any one setting 
can approximate to the depth of focus of which the lens 
is capable. 

Thus in Figs. 8 to 10 efforts have been made to obtain 
a general focus on the gray and silvery structures. For 
this reason the fiery fracture in each case is una oidably 
misrepresented as the black areas in the photograph. 
Hence, in Fig. 8 can be noticed a gray crystalline con- 
stituent, the gray fracture and light speckled areas con- 
sisting of a mixture of gray and silver. It is considered 
that these silvery spots are areas where welding has not 
taken place. The gray crystalline constituent in this 
specimen also contains many silvery areas but they are 
minute and fairly uniformly dispersed. 

Figure 9 also shows all these characteristics but rather 
differently disposed. On the periphery of the sample 
many bright patches can be observed. These are part 
of the fiery fracture where crystal facets happen to catch 
the light; they are not part of the silvery constituent. 
The latter structure, however, is found in patches in the 
top right quadrant of the photograph but most of it 
is again fairly intimately dispersed among the gray 
material. 


. I—Test 135. Typical h of the Fracture through 
Mig ja Made in Air, Where Only Partial Welding Has Oceurred. x 8 " 


Fig. 8—Test 132. 
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Fig. 9—Test 291. Mac tograph of Fracture through Weld Made in 


res ie vod Pulled im Tensile Test. X14. This illustrates three distinct efforts to break in the tensile machine were unsuccessful, 
ing kinds of fracture. Discussed in text. owing to slipping in the grips, which resulted in distor- 
ns tion of the specimen. Figures 13 and 14 are different 

positions of focusing vertically down on the fracture of 
ain one-half of the test piece. Figure 13 illustrates the 
For complete fiery or crystalline nature of the fracture, and 
bly Fig. 14 gives the macroscopic details where welding did 
oh. not take place, owing to lack of contact. These areas 
on- show hydrogen-etched grains. The two half-moons in 
on- the center correspond to disregistry of the holes in the 
red cylinders; the upper one is part of the hole in the half 
10t photographed, the lower one is not the wall of that hole 
his but part of the plane contact surface which registered 
are with the hole in the upper specimen. 

The complete nature of the weld is clearly shown where 
her intimate contact was effected between the two surfaces. 
ple The experiment was carried out in hydrogen at about 
art 1400° C., the only pressure used being that due to the 
tch weight of one cylinder resting on the other. 
nt. Figure 15 shows more clearly, at a higher magnifica- 
he tion, the effect of hydrogen etching where good contact 
it does not obtain. This photomicrograph was taken from 


one of such areas shown in the previous figure. Figure 
16 illustrates a somewhat similar result noticed in the 
silvery areas found in air-welded specimens which subse- 
quently have been fractured and broken in the weld. 
The grain boundaries are well defined, owing to prefer- 
ential oxidation or oxide erosion. A similar phenomenon 
is depicted in Figs. 17 and 18, taken on the rough frac- 
tured surface. The former shows, at high magnification, 
the appearance of the surface of the metal where a bright 
silvery “‘fracture’’ is found and is taken from the fracture 
reproduced in Fig. 8. The latter is from an air weld. 
The bright blobs around the oxygen-eroded grains are 
patches of light reflected along the microscope tube by 


11 12 


Fig. 10—Test 294. Macrophotograph of Fracture of Tensile Test That 
Broke in the Weld. Black areas represent fiery fracture; white areas, 
silvery constituent; gray areas, gray fracture. 


Figure 10 differs only in amount and manner of dis- 
tribution of the three types of fracture. The black areas 
are again the fiery fractured surface and are distributed 
in small areas all over the section. The white areas show 
imperfectly how the silvery constituent is arranged in 
strcamlines around the crystalline patches; the similar 
iorm of the gray material may also be noted. 

"igure 11 shows the typical appearance of one-half of a 
tcusile test bar which broke in the weld but gave a tensile 
value of the same order as that of the material, with a 
considerable elongation (test 275, Table 6). The 
Strength of the weld is good and the weld is also ductile. 
he reason the break actually occurred in the junction is Fig. 11—Test 275. Typical Appearance of Tensile Test Bar that Broke 
Sugcested in the last section of the paper. in Weld but Gave Ultimate Strength and Considerable Elongation. 


‘igure 12 shows the fractured induction furnace hy- 
of 1/2 Di Fra.tured after Welding i 
drogen weld. The cylinders were regular, as welded, without Preesure 
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certain facets of the crystalline part of the fracture, but, 
of course, are obviously out of focus. 

The rest of the figures are photomicrographs illustrat- 
ing the various types and conditions of structure found 
in welds of different kinds. They are largely self- 
explanatory and only short reference will be made to 
them. The first six photomicrographs (Figs. 19 to 24) 
show the unetched and etched longitudinal section 
through a poor, an indifferent and a good weld. The 
experimental conditions are given in Table 6. All are 
the same low-carbon, open-hearth steel welded in air at 
1425° C. at a pressure of 500 Ib. per sq. in. In test 134 
(Figs. 19 and 20) much of this pressure was dissipated by 
the bending of the bars and hence much of the oxide has 
remained in situ between the contact surface. In test 77 
all the oxide film that can be revealed by microscopic 
examination has been squeezed out and the weld appar- 
ently is perfect. Figure 22 shows no indication of the 
location of the weld and the etched section (Fig. 23) 
shows perfect continuity of crystal structure. 

The fracture of this test specimen, however, demon- 
strated that complete welding had not been effected. A 
fiery fracture predominated but the gray and silvery 
fractures were also in evidence. 


Fig. 13—Macrosection of One-half the Fracture Shown in Fig. 12, 
Focused to Bring Out Clearly Fiery 


Fracture. X6 


<6. Hydrogen etching is no where surfaces 


Pig, 1e~=Geme Section as Fig. 13, with Focusing Taken on Area That 
F to Weld. ticeable 
bucme failed to make contact. 


Fig. 15—Photomicrograph Taken from Hydrogen-Etched Area of Fig. |, 
100. White lines in grain boundaries are due to reflected light from 
bottom of eroded channels. 


Fig. 16—Photomicrograph of Fractured Air Weld Where Welding Had 
Failed to Take Place. 500. Illustrates oxygen erosion or etching 
around grain boundaries. 


Figures 25 and 26 show the microstructure of a very 
good weld which was made in air at 1400° C. irom 
Bessemer steel. This broke outside the weld at a load 
of 68,900 Ib. per sq. in. and with an elongation of 33) per 
cent on one inch. Intimate contact of the ends was 
facilitated by rotating one specimen relative to the 
other. The only indication of the position of the weld 
is given by the oxide stringer seen in Fig. 25. Figures 
27 and 28 are photomicrographs of a hydrogen weld 
but a slight oxidation of the junction is noticed in the 
unetched section. Subsequent fracture showed a 00d 
weld. 

In Figures 29 and 30 are seen an etched and unetched 
microsection from a weld which was done at 140)’ C. 
in air to which natural gas was added to decreas: the 
amount and rate of oxidation of the steel. The thit 
oxide film still persists between the welded ends and 
what may be termed a preferred grain-boundary or) 1! 
tion on either side of the weld is noticed. 
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Area from Fracture Ulustrated in Fig. 9. 


7—Test 291. Bright 
rg, Shoue oxygen etching of bright particles observed in that figure. 


Fig. 18—Test 290. Another Example of Part of a Fracture of a Weld 
Made in Air, Showing Oxygen Erosion on Bright Unwelded Area. 100. 


Consideration and Theoretical Discussion of 
Results 


The experimental evidence presented above will now 
be reviewed and consideration given to the mechanism 
of pressure welding. An attempt will be made to 
account for the behavior of such welds under various 
mechanical tests, and for the metallographic features 
observed under the microscope. 

The experimental work consisted essentially of de- 
termining the effect of atmosphere, temperature and 
pressure on pressure welding, using different tests to 
evaluate the results. In Tables 1 to 5 is collected all the 
relevant information. 

Early experiments refer only to welding in air and 
these are first discussed. Such experiments revealed 
that any variation in temperature and pressure in our 
tests never resulted in the formation of a weld of a 
strength comparable to that of the parent metal. Only 
a limited number of these are recorded (Table 4). Such 
welds, however, gave a fracture which was part fiery 
where welding had evidently taken place, and part where 


welding had apparently failed to have been effected and 
where the tracture passed through the contact surface, 
giving a mixed appearance of bright and gray particles. 
Such a condition is illustrated in Fig. 7, and the nature 
of the latter surface was not understood. Welds of this 
kind gave what appeared to be abnormally high tensile 
values. Thus test 115, Table 4, had an ultimate of 
37,700 Ib., or more than one-half the true tensile of the 
steel, and yet only about 10 to 15 per cent of crystalline 
fracture showed in the broken test piece. The remaining 
75 per cent was clearly not properly welded and the 
machine marks on the ends of the rods were still visible 
(Fig. 7). 

A careful consideration of many such experiments. 
more particularly by observation of the fractures under 
the binocular or stereoscopic microscope, leads to the 
conclusion that a distinction must be made between two 
different types of true welded fracture, and that a classi- 
fication may be made as follows: 

1. An area where welding manifestly had taken place 
which gave a typical metallic though fiery fracture. This 
was definite and clearly marked. 

2. An area where complete welding had not taken 
place and where frequently the initial machine marks 
were still visible on the surface of the steel. This may 
conveniently be referred to as a “‘sticking’’ together of 
the surfaces. 


Fig. 19—Test 134. Longitudinal Section through a Poor Weld. Un- 
etched. X 100. Shows strings of oxide inclusions which have remained 
in weld. 


aty 


7 
Same as Fig. 19. Etched in 10 Per Cent Alcoholic 


ME 
Illustrates al t conti character of oxide 


film remaining in weld junction. 


Fig. 20—Test 134. 
Nitric Acid. X 100. 
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. 21—Test 98. tudinal Section through Weld Showing Discon- 
Fis. of Oxide Files in Weld Unstebed. 


= 


than the unetched microsection, eee: ly the removal of surface flowed 
material. 


In view of the abnormally high tensile strength which 
such small truly welded areas seem to provide, it would 
appear logical to look for the excess strength, over that 
which would be given by the area of true weld, in the 
region where “‘sticking’’ was evident. This matter was 
attacked from many different angles and our final con- 
clusions as to the nature of this “‘sticking’’ are sum- 
marized below. 

Without exception pressure welds made in air always 
broke at least partly in the junction line of the weld and 
this line always revealed the ‘‘sticking”’ type of fracture, 
if such it may be called. Again, such a fracture was 
always composite and included: 


1. Parts of this which appeared to be a true gray 
fracture. 

2. Parts which showed complete absence of welding. 
These unwelded areas inclyde: 


(a) A blackened or dark surface having the 
appearance of iron oxide which had not been 
squeezed out by the welding pressure. 

(6) A bright metallic surface which had failed 
to weld for some reason, although the 
experimental conditions apparently were 
such as to remove all liquid oxide during 
the time allowed for welding to take place. 
It is with this bright metallic surface that 
"we are most concerned. 


In a survey of these fractures under the binocular 
microscope, an effort was made to estimate the per. 
centage area of gray fracture. This was done by first 
noting the amount of crystalline fracture and the amount 
of bright metallic or silvery area and by difference 
obtaining the percentage of gray material. 

The fiery fracture was easy to distinguish and the 
estimation is a fair approximation. The bright metallic 
surface was different. When arranged in stream lines 
(Fig. 10) this also was simple, but when finely dispersed 
among the gray (Fig. 9) it was exceedingly difficult and 
the estimation is probably low in most cases. This 
means that the percentage of gray and, hence, also per- 
centage of total area welded is, in general, on the high 
side. However, this figure for the the total weld, as 
defined by the amount of true fracture (fiery and gray), 
was correlated with the percentage strength of the steel 
given by the weld. 

It was soon found that the strength of the weld was in 
nearly all cases considerably higher than could be ac- 
counted for by the area of welded section. This strength, 
however, was not accompanied by a commensurate 
amount of ductility, nor had many of the welds much 
resistance to failure by shock. It was necessary, there- 
fore, to look further for some other cause to which the 
high tensile values and low resistance to shock were due. 
Such a medium may be found in the postulation of the 


Apparently Perfect 
, mor can exact location 


Fig. 23—Test 77. Lengitedine Section th 
Weld. Unetched. 100. No oxide film is no 
of weld be determined. 
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Fig. 24—Test 77. Same as Fig. 23. Etched in 10 Per Cent Alcohelie 
Nitric Acid. Etching shows structure in weld but does no: 
its exact location. . 


Fig. 22—Test 98. Same as Fig. 21. Etched in 10 Per Cent Alcoholic 
Nitric Acid. 100. This reveals a thicker and more continuous film ss 
| 
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was rotated to and fro during the application of the 
53 i ee pressure. This afforded the most ready means of dis- 
oe eg rupting the film and was fairly well under control. One 
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ilar Fig. 25—Test 280. Longitudinal Section Center of Weld. tion and in film continuity. The reverse conditions tend 
Unetched: to break up or dissipate the film and, hence, yield a much 
irst — ~- - smaller area where we have film-separated contact, and, 
unt eh: consequently, increased area of weld. 
nce It was with this hypothesis in mind and with a view to 
examining its validity that many of the later modified 
the experiments were carried out, and for this reason the 
illic i: experimental conditions were maintained as simple as 
ines possible. Thus cup and cone and ball and socket test 
sed - ‘nde rods were eliminated. In such experiments the condi- 
and deat. tions are complex and involve definite but ill-defined 
“his 4 : . relative translatory motion as the ends are pressed to- 
gether. Further, the shaped ends present a welded area 
igh in excess of the cross-sectional area of the rod. This 
as renders a comparison of weld strength invalid. 
Ay), Since lack of welding is due principally to film inter- 
teel . a _ ference, the removal or disruption of the film should 
in j* . } disruption may be brought about either by translatory 
ac- movement or by upsetting. In order to investigate this 
point, the bars were heated to the desired temperature, 
rate and the rod held in the pressure indicator (Fig. 3) was 
at kept stationary, but the one in the pressure applicator 


. i > 
We prepare the ends perfectly square with each other 
ition Fig. 27—Test 213. Longitudinal Section through Bessemer Hydrogen 
Weld. Unetched. 100. A few oxide particles along weld show lack of 
4 


Fig. 26—Test 280. Section Shown in Fig. 25. Etched in 10 Per Cent 
Alcoholic Nitrie Acid. 100. Oxide stringer has disappeared during 
repolishing. 


presence of a thin nonmetallic film between the metallic 
surfaces and there is much evidence to substantiate this 
hypothesis. 

When two bars are squeezed together end on, as in 
our welding test, the liquid oxide is gradually squeezed 
out, but even.at the highest pressures a thin film of oxide 
remains, separating parts of the metallic surfaces. This 
film is in no sense continuous and causes contributing to 
its disruption include irregularities on the welding surface 
and the introduction of any translatory movement of 
one surface relative to another. It is well known that 
thin films are capable of carrying very high tensile 
Stresses and on account of their thinness they transmit 
little or no shearing stresses. On the other hand, impact 
or sudden transverse stresses produce failure regardless 
oi the thinness of the film if the film material is anything 
but ductile, 

Thus it is suggested that, over a part of the area in 
con ‘act, a thin film of oxide prevents joining of the metal 
by welding, but imparts considerable tensile strength 
anc .elps to render the junction weak in transverse test. 
Th clm is usually discontinuous over any large surface 
area and its distribution depends on the conditions ob- 
tainig during the welding operation. In pressure- che 
weld ng rods, the careful preparation of a plane surface 
ont’ ends and careful aligning, with the application of ee — 
Such pressure as not to produce upsetting or any relative Fig. 28—Test 213. Same Section as is Fig. 28. Etched in 10 Per Cent 


an “ : Aleoholic Nitric Acid. 100. Tensile test gave good ductility with 
‘ran. .tory movement, naturally assist in film preserva- Imost complete fiery fracture. 
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to prevent one end ‘‘rolling off’ the other during rotation. 
The tables indicate where this was done and the speci- 
mens are noted as having “true ends.”’ 

Many welds were made by this method and pulled in 
tension. The marked improvement in strength is shown 
by the data. This is particularly well demonstrated in 
Table 2 and it is more clearly revealed by the manner in 
which very good welds are produced at low temperatures, 
for, on account of the increased strength of the rods, they 
are less prone to bend or to upset at pressures sufficient 
to yield intimate surface contact. Thus, with tests 292 
to 295 at 1350° C., rotation or translatory movement 
gives a complete weld with 68,000 Ib. ultimate and 20 per 
cent elongation, while ordinary pressure welds give about 
54,000 Ib. with no elongation and only about 60 per cent 
total area welded. 

The pressure weld with 60 per cent welded area should 
show a tensile of about 41,000 Ib. The remaining 13,000 
1b. tensile strength is imparted by the strength of the 
oxide film. Such a weld, however, shows no elongation 
and is brittle. 

The tests given in Table 2 were carefully prepared 
especially to provide definite information on this question 
and a consideration of all these data is very enlightening. 
Many of the tests showed notably high strength and 
good elongations, but in no single case where the speci- 
mens were not rotated was any elongation observed. 

It was to develop this film theory and to demonstrate 


Fig. 29—Test 83. Longitudinal Section through 
Unetched. 100. 


Open-hearth Weld. 
Shows string of oxide inclusions along line of weld. 


‘ 


. ‘est 83. Same Section as in Fig. 29. 
Alcoholic Nitric Acid. 100. Shows presence 
and preferred grain boundary orientation on either side of weld. 


Etched in 10 Per Cent 
of thin film of oxide, 


its effect in interference that the experiments in hydrogen 
were conducted, although the postulation can almost be 
regarded as axiomatic. It may, however, be sugyesteq 
that the factor leading to imperfect welding is lack of 
intimate surface contact due to insufficient pressure. |j 
that be so, then experiments in a reducing atmosphere 
under “‘identical” experimental conditions shoul . give 
the same results as in air. It should be clearly under. 
stood that with very high pressure, resulting in con- 
siderable upsetting, good welds could be produced. 
This, however, is getting a little beyond ordinary pressure 
welding. 

Many hydrogen atmosphere experiments, therefore, 
were carried out under conditions comparable with those 
obtaining in the air welds. The results of these are 
found scattered throughout the tables, and every test 
made is recorded. The figures shown are sufficient 
evidence as to the marked improvement obtained. Un- 
fortunately, in many of the earlier experiments no elonga- 
tion was recorded and this was in large part due to the 
fact that the test samples were not machined but used 
in the rough welded state. Tests 272 to 276 (Table 3) 
and tests 241 to 251 (Table 1), however, provide good 
examples of results on machined bars. As differing from 
air welds, it will also be noted that, when almost com- 
plete, hydrogen welds give values in excess of the strength 
of the material. 

On account of the unknown effect or strength of 
films, the true strength of a weld made in air can only 
be evaluated by reference to the strength of welds where 
there is, say, 90 to 100 per cent of area welded, and where 
the function of the film becomes relatively negligible. 
Such reference shows that welds made in air are weaker 
than the parent metal (Table 7). Two reasons are ad- 
vanced for the cause of this: 


1. Oxygen embrittlement. 


2. Weakness of the junction due to a tendency to 
contain a preferred grain boundary orientation (Fig. 29). 


Similar consideration of 90 to 100 per cent hydrogen 
welds shows that welding in hydrogen produces a junc- 
tion stronger than the parent metal. Some such welds 
give extremely high values; where tested ‘“‘as welded’ 
the figures are only approximate but can be regarded as 
demonstrating a definite increase in strength over the 
parent metal. No attempt is made to discuss the reason 
for this, as it is beyond the scope of the paper. 

Another factor which merits consideration is the effect 
of intimacy of surface contact. Assuming that two 
clean metallic surfaces are placed together and heated 
to a temperature at which it is known that welding can 
take place, what intimacy of contact is necessary before 
union occurs? Must contact be of the order of atomic 
dimensions, which might be called “perfect contact,” or 
is there a considerable sphere of influence through which 
mutual attraction operates? 

As mentioned in the section on Experimental Pro- 
cedure, two cylinders were drilled through the center and 
ground to give a level surface. The hole permitted the 
preparation of a more nearly true plane surface. These 
were also heated in hydrogen at 1400° C. and the results 
have been discussed and illustrated in the section 00 
macroscopy. About 90 per cent of the contact suriaces 
welded. Using the ordinary method of grinding plane 
surfaces, it is highly improbable that 90 per cent of their 
areas should be of the order of atomic contact, without 
the application of pressure. In the opinion of the w™ters, 
this experiment demonstrates that such contact 1s wr 
necessary. The range of influence over which atomic 
attraction does take place between the atoms in the 
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two surfaces is an interesting academic point but cannot 
be pursued further. 

In a practical sense, then, it is clear that at the tem- 
peratures of our experiments, welding can take place 
without the application of any pressure and without 
perfect initial contact being effected between the surfaces 
to be welded. This, in turn, strongly supports our 
theory on the effect of oxide films in preventing welding. 
The lack of welding is not due to the application of in- 
sufficient pressure, and hence to lack of surface contact, 
but to an interference film. This leads us to the im- 
portant conclusion that simple pressure welding in air 
cannot produce good welding. 

Many reasons have been advanced for a partial break- 
down of this interference film; where such lack of con- 
tinuity exists, true welding takes place. When the 
oxide film is visible the weld is weak, as films of such 
thickness have little strength in tension and readily 
break down under the influence of shearing stresses. 
When, however, the conditions permit or lead to the 
formation of a very thin film, the properties are different. 
Such a film is very strong in tension, as it transmits little 
or no shearing stress. Thus, the high tensile values 


which we have obtained can be logically explained. 
This film can be removed, at least partly, by introducing 
some translatory motion of one surface relative to the 
other. This results in a considerable increase in the 
area of true weld and with a transverse displacement 
sufficient to completely disrupt the film, complete welding 
is approximated. 

This theory is put forward as an explanation of the 
appearance of the fracture and of the mechanical char- 
acteristics of pressure welds. 
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239. 

Trusses. Problem for Students in Structural Mechanics, F. P. 
McKibben. Cornell Civ. Engr. (April 1932), vol. 40, no. 7, pp. 
107-108 and 120. 

Welded Steel Structures. Should It Be Cast or Welded—or 
Should Both Methods Be Combined? J. G. Ritter. Machy 
(N. Y.) (April 1932), vol. 38, no. 8, pp. 614-616; see also American 
Welding Society Journal (March 1932), vol. 11, no. 3, pp. 27-29. 

X-Ray Diffraction Patterns. Welding Engineer (April 1932), 
vol. 17, no. 4, pp. 35-37. 


Books 


Manual of Electric Arc Welding, by E. H. Hubert. Published 
by McGraw-Hill Book Co., Inc., 330 West 42nd Street, New York. 
Table of Contents includes General Information; The Welding 
Process; Equipment for Welding; Expansion and Contraction; 
Definitions and Types of Joints; Speed of Welding; Strength of 
Welds; Design of Joints; Preparation of Work; Making Welds; 
Welding Special Metals; Practical Welding Applications; Welding 
Methods; Rules and Regulations; Training Course for Operators; 
Engineering Data and Tables. 

Chemical Plumbing, Leadburning and Oxy-Acetylene Welding, 
by E. B. Partington. Book for plumbers and heating engineers. 
Published by The British Oxygen Co., Ltd., Angel Road, Edmon- 
ton, N. 18, London. Table of Contents includes: Chapter 1, 
Plumbing Science. Chapter 2, The Manufacture of Gases 
Chapter 3, Lead and Its Alloys. Chapter 4, The Advantages of 
Leadburning over Soldering. Chapter 5, Different Systems of 
Leadburning. Chapter 6, Preparation and Making of Seams 
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and Joints on Sheet and Plate Lead by Leadburning. Chap- 
ter 7, Pipe Jointing and Pipe Work in Chemical Plumbing. Chapter 
8, The Making of Large Pipes and Bends with Lead. Chapter 9, 
Chemical Plant Construction, Maintenance and Repairs. Chapter 
10, Autogenous Welding (Leadburning) as Applied to Domestic 


(Continued from page 4) 

slower in adopting welding as a useful 
tool. While no European research can 
be said to approach either in magnitude 
or scope the work of the structural steel 
welding committee in this country, it is 
clear that structural welding is advancing 
in acceptance in all parts of Europe as 
well as in America. 


A New Steel Flooring 


The development of a new steel flooring 
after long scientific investigation has been 
announced by Mellon Institute of Indus- 
trial Research, Pfttsburgh, Pa. This 
flooring consists of slabs, 24 in. wide and 
up to 12 ft. 5 in. in length at present, that 
are fabricated by preforming two steel 
sheets and subsequently welding them 
together in the plane above the neutral 
axis. A cross-section taken through the 
width of a completed unit shows four key- 
stone-shaped cells, all connected together 
near the neutral axis. These four ducts, 
which constitute each unit, are spaced at 
six-inch intervals and connect directly, 
when installed, with the corresponding 
ducts of the adjacent section of floor slab. 
This arrangement is described as enabling 
the utilization of the new floor not only as 
an efficient load-carrying member, but 
also as a multiple floor-duct system for 
handling all types of electrical lines. Such 
a grouping of parallel cells with six-inch 
spacing is claimed to permit, at any time, 
the installation of electrical outlets within 
a radius of three inches from the exact 
location required, thus providing per- 
manent electrical flexibility and precluding 
electrical obsolescence. 

It is said that the keystone slab can be 
instalied with ease and rapidity; that it 
can be bolted, clipped or welded into 
place across the structural members, 
affording a working floor for the various 
trades. This fioor is fire-safe; it is adapt- 
able to appropriate finishes and to sus- 
pended ceilings and service piping, and 
has a low weight per square foot. 


Rules for Welding 


(Reprinted from April 7, 1932, issue of 
Shipbuilding.) 

The paper read at the meeting of the 
Institution of Naval Architects, and the 
varied and interesting discussion which it 
evoked, are sufficient proof of the im- 
portance with which the subject of welding 
in ship construction is regarded by all 
who are in any way connected with the 
shipbuilding industry. It is now generally 
agreed that the process of electric welding 
can bé used either in whole or in part in 
lieu of riveting for the construction of the 
strength portion of a ship’s hull, although 


it is also recognized that the utmost 
caution must be exercised in the develop- 
ment of the new technique if safety is to 
be assured. Hence, while it is obvious 
that the classification societies must frame 
certain rules which shall govern the general 
principles to be observed both in the 
actual procedure of welding and in the 
form of welded joint to be employed, it 
should be equally obvious that these rules 
should be sufficiently elastic in their inter- 
pretation, and comprehensive in their 
application, so as not to fetter unduly the 
freedom of those who are making them- 
selves responsible for the introduction of 
welding into the art of shipbuilding. A 
study of the “Provisional Rules for 
Electric Arc Welding in Ships,’’ which 
has recently been published by the 
British Corporation Register of Shipping 
and Aircraft, reveals the fact that the 
Corporation has fully recognized the 
necessity for this point of view in framing 
their rules. 

It may be stated that the rules cover two 
distinct aspects of the problem, the first 
dealing with the technique of welding, 
the materials to be employed, the prepara- 
tion of test specimens and so on, while 
the second covers the actual form the 
welded joint shall take. And since it is 
recognized that however the welded 
structure may conform to the rules, the 
results obtained must of necessity be 
received with caution, it is laid down that 
in the classification of the ship, the letters 


and Sanitary Plumbing. Chapter 11, Leadburning, Accumulg. 
tion, Maintenance and Repairs. Chapter 12, Oxyacetylene 
Welding of Iron and Steel, as Applied to Plumbers and Heating 
Engineers. Chapter 13, Oxyacetylene Welding and Brazing of 
Non-Ferrous Metals and Alloys. Chapter 14, Miscellaneous. 


“A. W.” shall be employed to indicate 
that the major portion of the vessel has 
been are welded, while the letters 
“A. W. p.” shall signify that a portion 
only of the main structure has been 
constructed by this method. With re- 
gard to testing the welded joints, it is 
stipulated that the test specimens should 
be prepared under conditions which are 
as nearly as possible the same as those 
under which the actual constructional 
work on the ship is carried out. Speci- 
mens cut from solid deposits of weld 
metal must have a tensile strength of not 
less than 26 tons per sq. in., and an 
elongation of not less than 16 per cent 
on a length of eight times the diameter. 
In order, further, to ensure ample duc- 
tility, it is laid down that these specimens 
of weld metal must be capable of being 
bent without fracture to an angle of 120 
deg. around a bar of twice the diameter of 
the test piece. 

With reference to the actual welded 
joints, it is recommended that as much as 
possible of this work should be done 
under cover implying the maximum of 
assembly before erection in position on 
the vessel. The desirability of inter- 
mittent welding is emphasized, continuous 
runs only being employed for water-tight 
connections and where special strength 
considerations demand it. All of these 
rules are provisional in their nature, and 
they may have to be modified in the light 
of practical experience. 


EMPLOYMENT SERVICE BULLETIN 


SERVICES AVAILABLE 

A-142. Welding engineer desires position as engineer, foreman or instructor. Have 
had twenty years’ experience in oxyacetylene, arc, hand and" automatic and atomic 
hydrogen processes. Experienced in training operators. Have developed welding 
departments and assisted in development and research work. 

A-166. Electric Welder. Considered a first-class operator. Thirteen years’ ex- 
perience both at home and abroad, of which ten years have been spent as a Foreman and 
Instructor. Passed tests for Class II, A. S. M. E. Code for Unfired Pressure Vessels. Ex- 


cellent references. 


A-167. Are Welder with ten years’ experience. High pressure, marine and boiler 


work. 


A-174. Competent Electric and Oxyacetylene welder desires position. Good tech- 
nical background. Three years’ practical experience and understands production 
methods thoroughly. Also experienced in training welding operators. Best of New 
York references. Available on short notice and will go anywhere. 


A-175. Expert welder desires position. Am good judge of metals, have executive 


ability and trustworthy. Experience in all kinds of boiler repair, tanks and pipes. a" 
also do structural iron work, chipping, caulking and riveting. 


POSITIONS VACANT 


Electric pipe line welders for work in the Near East. Apply to W3891, Engin "0g 
Societies Employment Service, 31 West 39th Street, New York City. Will onl) ©o™ 
sider those who have actually had electric welded pipe line experience in the field. 
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